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Adopting Qualitative Social Science Methods for
Inquiring Software Engineering Industrial Practice

Zeljko Stojanov’

"University of Novi Sad, Technical faculty "Mihajlo Pupin" Zrenjanin, Djure Djakovica BB, Zrenjanin, Serbia

Abstract

Software engineering is a young engineering discipline with a very dynamic and complex industrial
practice that tries to align with the ever-changing needs of business and human society. Understanding
and improvement of industrial practice is in the constant focus of the research community for over 50
years. The initial research focus has recently moved from strictly technical issues to issues related to
human factors, organization issues, economics, and management. This shift in the research required
using new methods for inquiring about non-technical aspects of the practice, leading to the adoption
of qualitative social science methods in fieldwork and data analysis. Qualitative research methods are
suitable for a deeper understanding of human behaviour and experiences, which is essential for practice
observation and improvement. In this paper, personal experiences with qualitative research methods
in three studies conducted in the software industry are presented. Based on the presented experience,
and insight into the scientific literature, recommendations for using qualitative research methods are
outlined.

Keywords

software engineering, industrial practice, field research, qualitative methods, social science methods

1. Introduction

Software engineering professional practice has been recognized as an important knowledge
area for research and it was included in Guide to the Software Engineering Body of Knowledge
(SWEBOK) [1]. Professional practice relates to implementing processes in the practice resulting
in quality products and services, requiring software engineers with proper knowledge, skills,
and experiences. According to SWEBOK [1], professional practice includes areas such as
professionalism, group dynamics and psychology, and communication skills, all of them putting
the main focus on humans in the practice. It has been recognized that the majority of costs in the
software industry relate to costs of skilled labour (especially software developers), which strongly
point out the importance of the human workforce [2]. Therefore, interdisciplinary research
projects considering social, cultural and human factors are necessary for better understanding
of the practice [3].

One of the most important aspects of software engineering industrial practice is productivity,
which is generally defined as the ratio between the outputs and inputs for the given context to
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achieve ideal functionality and quality of products or services as well as the optimal effort of
workers [4]. Software productivity includes technical, social, and economic aspects of practice,
which highly depends on the organization and performance of processes, human factor, and
complexity and the nature of software products [5].

Software engineering like any other technical discipline is based on mathematics and general
technical and engineering principles. Therefore, in research on software engineering practice
dominate quantitative methods based on the deductive approach. Dittrich et al. [6] argued that
social practice theory can be useful for inquiring and explaining software engineering practice,
which indicates that the use of qualitative social science methods for practice observation
and understanding is preferable. Compared to quantitative methods, qualitative methods are
more flexible in design, subjective, speculative, and grounded in the real context in which the
phenomenon is inquired [7]. The reasons for avoiding qualitative research methods in software
engineering are [8]: the lack of expertise in using qualitative methods, limited access to software
engineers in industry, the problem with generalizability of research findings, time consuming,
very high and rigour ethical standards, and different epistemological stance.

Effective use of qualitative social science methods for inquiring software engineering practice
assumes understanding methods in order to understand obtained findings and knowledge [9].
It is important to note that qualitative methods are based on the inductive model of inquiry
(bottom-up approach) that starts by observing a phenomenon, collecting data about it, and
then deriving theoretical explanations of the observed phenomenon. The main aim of social
science is to understand elements and patterns of human experiences and behaviour [10]. Since
software engineering has been perceived as highly human dependant practice, use of qualitative
social science methods can contribute to get more comprehensive and deeper understanding of
the practice which is based on human characteristics, knowledge and actions.

Qualitative research methodologies have been regularly used in social sciences such as ed-
ucation, sociology, psychology, health sciences, social work, community development, and
management [11]. There exist a variety of qualitative research genres and approaches, which
are based on multiple methods and procedures for conducting data collection, analysis, inter-
pretation, and creation of findings. The selection of the most suitable methods depends on the
study objective, complexity of the social context and interactions. The main characteristics of
qualitative research are: (1) it takes place in the natural world, (2) it is based on using multiple
methods that respect the humanity of the participants in the study, (3) it is focused on the real
context, (4) it is evolving and not rigid in structure, rather than tightly prefigured , and (5) it is
fundamentally interpretive (the findings are interpreted by researchers).

Empirical studies, based on extensive fieldwork, may occur in several forms, and require
different research methods. Selection of the appropriate approaches and methods is a challenging
and difficult task for researchers because there is a need to get acquainted with the selected
methods. Wohlin and Aurum [12] suggested selection of research methods in a process with
three phases: (1) Strategic phase - based on the research objective research logic, purpose, and
approach are selected, (2) Tactical phase - selection of research process (qualitative, quantitative,
mixed) and methodology, and (3) Operational phase — selection of data collection and analysis
methods. The use of qualitative methods is based on inductive research logic and interpretive
approach. Actually, the use of qualitative methods assumes interpretation, interaction, and
reality construction based on raw data collected as unstructured text in natural language [13].



Qualitative methods have been used in empirical software engineering studies in the last 30
years, but they are used very shyly in the beginning. Seaman [14] outlined qualitative methods
mostly used in the fieldwork, and argued that they are a good choice for inquiring about human
factors in software engineering. Qualitative methodologies and methods by their nature are
suitable for inquiring software engineers in their real settings through intensive fieldwork.
However, researchers have challenge to select the most suitable methods for their objectives.
Lethbridge et al. [15] listed and classified data collection techniques based on the involvement
of software engineers in their implementation, which is very important for organizing fieldwork
that will not disturb the everyday work of engineers (especially when using qualitative methods
that assume spending significant time in the workplace).

Based on the previous considerations, the objective of this work is to present the author’s
personal experiences in using various qualitative methods for researching software engineer-
ing industrial practice, and based on the experiences to propose recommendations for using
qualitative methods for fieldwork in software engineering.

2. Experiences

In this section the experience with using qualitative research methods for inquiring software
engineering practice will be presented. The first subsection presents the first experience with
qualitative methods during PhD research, while the next two subsections present the experience
with the software process improvement project in a local micro software company in Serbia,
and research on software requirements practice with experts from various software companies
in Serbia.

2.1. Beginnings

The first contact with qualitative research methods was during the empirical evaluation of the
method and service for specifying software change requests in data-driven software as a part of
the author’s PhD research [16]. Qualitative data were collected in three focus groups organized
after the experimental use of software in the laboratory at the faculty where the software
was installed. During the focus groups used for discussion of students, the students provided
answers to open-ended questions in a distributed questionnaire. The main objective of using
open-ended questions was to collect students’ opinions about the characteristics of the installed
service without any suggestions to them. Collected answers to open-ended questions were
analyzed by using the constructivist grounded theory coding technique proposed by Charmaz
[17], leading to the identification of the advantages and disadvantages of the service.

In addition to a qualitative evaluation of the developed service for software change request
specification, PhD research included a qualitative study on software change request process in
small software companies in Banat region in Romania and Serbia [18][19]. Data were collected
by using two focus groups organized in software incubators in Zrenjanin (Serbia) and Timisoara
(Romania), and semi-structured interviews with software experts from software companies.
Both focus groups and interviews were recorded, transcribed to raw text and prepared for data
analysis.
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The analysis of raw and unstructured text was based on the constructivist grounded theory
coding technique [17] and writing memos for describing developed codes and concepts that
represent process characteristics [20, 21]. Coding was implemented in two phases: (1) initial
coding - identification of segments of text that relate to research objective and labelling them
with initial codes (textual tags), and (2) focused coding - analysis of identified initial codes
and derivation of more focused codes that are promoted to the concepts that represent the
findings of data analysis. This type of analysis is classified as inductive and interpretative because
the researcher interprets the initial data and construct the research findings. Interpretation
and researcher thoughts about the inquired phenomenon are written in theoretical memos
(description of initial codes, construction of focused codes, identification of concepts), while
methodological dilemmas on research process are written in methodological memos (notes on
the method of coding, notes on the process of construction of findings, notes on the way of
organizing focus groups, notes on the structure of interviews). Memo writing was realized
throughout the entire research process. An example of qualitative data analysis from industrial
setting study based on constructivist grounded theory coding and writing reflexive memos is
presented in Figure 1.

Although it is not represented in the Figure 1, the data analysis procedure is iterative, which
means, for example, that after the construction of the concepts it can be returned to the
refinement of the initial or focused codes.

Overview of used qualitative methods during PhD research is presented in Figure 2, while
the personal experience with qualitative research methods gained during the PhD research was
distilled in the chapter "Qualitative research on practice in small software companies" published
in "Encyclopedia of Information Science and Technology" [22].

A gentle introduction to qualitative techniques (with recommended literature) such as focus
groups, semi-structured interviews, the use of open-ended questions, qualitative coding, writing
memos, and grounded theory can be found in the book "The SAGE Encyclopedia of Qualitative
Research Methods" [20].

2.2. SPI project in a local micro software company

The next experience in using qualitative methods after getting PhD degree was during the im-
plementation of Software Process Improvement (SPI) project in a local micro software company.
The project started in 2011 after joint preparation of the author and the company manager.
The focus in the SPI project was on improving software maintenance process in the company
because company manager stated that majority of tasks in the company relate to software
maintenance, which was confirmed in later statistical analysis of the company tasks’ records
(over 84%) [23].

The objective of the SPI project was to identify and improve software maintenance process
in the company based on detailed inquiry of everyday practice. Inductive bottom-up approach
to SPI was adopted since the aim was to assess and improve maintenance practice without
affecting everyday work of programmers. Lightweight inductive assessment method is based
on frequent feedback to company management and relevant employees in order to get the
best results [24]. The main objective of the assessment method is to assess the practice and
find out which segments should be improved. Practice assessment during SPI project fostered
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Figure 1: Elements of qualitative data analysis used in PhD research

organizational learning in the company, which resulted with systematized knowledge about
maintenance practice rendered as a thematic knowledge framework [25][26].

Practice assessment was based on using qualitative social science methods for gaining deeper
insight into the practice and proposing improvements to existing maintenance process. Analysis
of qualitative data was accompanied with quantitative data, which confirmed the findings of
qualitative data analysis. Qualitative research methods used in SPI project are presented in
Figure 3.

Qualitative data were analysed with inductive thematic analysis [27], with the steps presented
in Figure 3, while details on analysis were written in memos [21]. During the familiarization
with the data, all textual data were prepared and imported in software MAXQDA and the
reading and coding strategy were proposed. Coding was performed in software, and after that
defined coding schema was exported to MS Word document which is used for other phases
and identification of themes. MS Word document was printed and data analysis leading to
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Figure 2: Overview of qualitative methods used during the author’s PhD research

theme identification (process improvement proposals, and knowledge thematic framework)
was performed during feedback sessions in the company. The analysis was done using colored
felt-tip pens in order to emphasize the merging of codes into themes [26].

2.3. Study on software requirements practice with experts from industry

A study with experts from software industry was conducted in order to explore their experience
with software requirements engineering practice, especially how they solve problems during
requirements elicitation and specification [28]. In addition, software experts perceptions of
soft skills in software requirements engineering (SRE) were also explored [29]. The study was
created as purely qualitative, aimed at increasing understanding of problem solving skills in
SRE.

Qualitative data analysis was based on inductive thematic analysis [27], while memos were
written for analysing items emerged during the thematic analysis of collected data and for
explaining methodological dilemmas and problems during the study [21]. Elements of qualitative
research on SRE problem solving skills are presented in Figure 4.

Data collection was based on semi-structured interviews with open-ended questions. In the
study participated 14 software experts from software industry. Interviews were conducted in
Serbian and recorded, while the core elements of the research and findings were translated to
English. Field notes were also used to prepare annotations about the interviewees, the research
process and the data [30].
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Figure 3: Qualitative methods used in the SPI project implemented in a local micro software comany

3. Recommendations

Based on the extensive insight into literature on using qualitative research methods in software
engineering and presented experience in three studies with different qualitative methods, the
following recommendations can be proposed:

« Use qualitative methods to get deeper insight into specific phenomenon in the practice.
Qualitative data collection methods enable getting the real experiences and opinions
through open-ended questions, which is not anticipated by the researchers. In addition,
semi-structured and flexible implementation of data collecting methods such as interviews
or focus groups enables setting of sub-questions and additional questions that deepen the
understanding of the observed practice. In that case, it is possible to inquire something
that was missed or overlooked in the preparation of the research.

« Mixing qualitative and quantitative methods. Mixing different types of methods and
approaches in research enables getting insights from different perspectives on the same
phenomenon [31]. In that case, triangulation of data sources and data analysis methods
increases the validity of the research and reliability of the findings (trustworthiness in
qualitative terminology) [32].

« Work in a multidisciplinary team. Software engineering as a human intensive practice
situated in specific organizational context requires inquiry that assumes not only technical
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Figure 4: Qualitative methods used in a study on software requirements engineering with experts
from software industry

and technological view points, but also considering people and organizational aspects.
More comprehensive research on such a complex practice is possible if a research team is
composed of researchers with different background, covering both technical and social
aspects (sociologists, psychologists, linguists, economists, etc.). Multidisciplinary teams
are necessary to research human and organizational aspects of software engineering
industrial practice [33].

« Include experts from industry in research. Since qualitative studies on industrial practice
are based on fieldwork in the real context with real experts, it is advisable to include them
in data analysis and to provide them with relevant feedback to check the current research
state and the relevance of the findings. This will increase the validity of the research
study and the reliability of the findings.

4. Conclusion

Software engineering as one of the youngest engineering disciplines is based on mathematics
and technical principles developed through a long history of engineering. However, recently it
has been recognized that human and organizational factors should be understood to improve
industrial practice and education of software engineers. Qualitative research methods, which
originated in social science, are valuable tools for inquiring about these aspects of the practice
and deserve more attention from the research community.

This work through the presentation of experience provides evidence of using qualitative
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methods in different industrial contexts. The author argues that the use of qualitative methods
in the research of software engineering practice can lead to better practice understanding and

improvements.
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MynbTUareHTHOe YynpaBJieHUEe MOTOKaMM BbIYUC/IUTENbHDbIX
3a4aHMI B reteporeHHoM pacnpepeneHHoin BbIUMUCAUTENbHOMU

cpepe
Mrops Berakos /, Anexcanip ®eoxrucros /, Poman Kocrpomun /

I Unemumym Ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa CO PAH, yn. Jlepmonmosa,
0. 134, 664033, Upxymck, Poccus

AHHOTauuA

PaccmatpuBaeTcs mpobiemMa ynpaBieHHsI BRIYACICHUSIMHU B TETEPOTEHHON pacIpeeieHHON
BBIYHCIUTENBHON cpene. [IpennokeH HOBBIM MOAXOA K TUIAHUPOBAHWUIO BBIYMCIEHUH U
pacIpeneNieHui0 PecypcoB C HCIOIB30BAaHMEM MYJBTHATCHTHBIX TEXHOJNOTHH. B pamkax
JAHHOTO TIOAXOZa HPEAOKEHBl TPH MOJETH COTJIACOBAHMS IIOJNB30BATEIbCKUX KPUTCPHUCB
KauecTBa peIIeHUs 3aJad B BBIYHUCIUTENBHOM Cpele M TNpEeArovTeHUui MpoBaiiepoB
pecypcoB. PazpaboranHast MyJbTHAreHTHAS CUCTEMa II0Ka3alia IPEUMYIIeCTBa B YIIPaBICHUH
BEIYUCIICHHSIMHE 110 COBOKYITHOCTH KPUTEPHEB TOIB30BATENIeH U MPEAIIOYTCHHUI IpOBaliaepoB
PECYPCOB 1O CpaBHEHHMIO C HW3BEeCTHHIMU MeTamanupoBmukamMu GridWay u Condor
DAGMan.

Kniouesble cnosa
VnpasieHre BBIYMCICHUSMHU, MYJIbTHAI€HTHAs CHCTEMa, TIETEPOre€HHas Cpela, IMOTOKU
3aJlaHUM, MOHUTOPUHT

1. BeBepgeHue

Ananus COBPEMCHHBIX TCHI[GHHI/II\/II pa3BUTUA B obnactu NnapauiCiIbHbIX W PaCIpPCACICHHBIX
BBIYUCIICHUH ITOKA3bIBAE€T CTPEMHTENBHOE YBEIWYeHHE MaciuTaba W oOLed NpOHU3BOAUTENLHOCTH
CO3/1aBa€MbIX I'eTEPOT€HHBIX PACIpEeICHHbIX BBIYMCIUTENBHBIX CpPEl, IIHUPOKUNA CIIEKTP OONBIINX
HAay4YHbIX W IIPUKIIAJHBIX 3ajay, Tpe6y101111/1x HUX HCIIOJIb30BaHU, HeO6X0)II/IMOCTB oOecrieueHust
TpeOyeMoro ypoBHsI 00CIy)KMBaHUs 33JaHuil B IIpoLiecce pelieHns Takux 3az1a4 [1]. B cBsa3u ¢ atum
BO3HHMKAIOT NpOOJIEeMBbl ydeTa crnenu(UKd NMPeIMETHBIX 00JacTeil pelaeMblxX 3ajad, pa3pelleHHs
HpOTI/IBOpe‘II/Iﬁ MCKAY IMOJB30BATCIIbCKUMHN KPUTEPUAMU PEIICHHUA 3aJad W NPCANOUYTCHUAMU
MIPOBalJIEpOB PECYPCOB, CMSATUEHHUS pPa3HOrO pojia HEONpeAeNCHHOCTeH TpH IJIaHUPOBAHUU
BBIUUCIICHUN WM paclpelesieHuH PecypcoB, obecrieueHns TMOKOro oOCITy>KUBAHUS BBIYMCIUTEIBHBIX
3aJJaHAi ¥ TIOJJIEPIKKH MacIITaOupyeMOCTH pactpe/ielIeHHBIX BEIYUCICHUH B TETEPOTEHHOM cpejie.

HHH pEeUICHUA HOILO6HBIX HpO6HeM C NCJbIO YJIYUYIICHHSA Ka4CCTBa BBINIOJIHCHUS 3aI[aHHfI
(cokparieHus: BpEMEHH U CTOMMOCTH PELICHUS 331ad, MOBBIEHUS 3()()EKTUBHOCTH HCIIOJIB30BaHUS
pecypcoB, OanaHCHPOBKM HMX HAarpy3kd M JAp.) LesnecooOpa3sHO HPUMEHSATh METOIbl U CPEACTBa,
6a3l/lp}7IOHII/IeCH Ha MHTCIUICKTyaIM3alli YIIPaBJICHUA BBIYHUCICHUAMU C IOMOLIIBIO MYJIBTUAT €CHTHBIX
TEXHOJOTHH [2], a TakkKe SKOHOMHYECKHE MEXaHU3MBbl PETYJIMPOBAHHUS CIPOCa M MPEIIOKEHHS
pecypcos [3].

B »TO#l CBSI3M MMEHHO TakKue METOJbI, CpE€ACTBAa U MEXAHU3MBI INPUMECHAIOTCA B paMKax
HNPEAJIOKEHHOIO MOAX0JAa K IUIAHUPOBAHUIO BBIYMCIEHUN U PacHpeleseHUI0 pecypcoB. B naHHOM
paboTe  TpeACTaBICHBl OCHOBHBIE  AaCHEKTHl ~ MYJIBTHAareéHTHOTO  YOPABJICHUS  HOTOKaMH
BBIYHCIIUTENBHBIX 3a/JaHUI B FETEPOT€HHON pacIpeIeIEeHHON BEIUNCIIUTENBHOM Cpefie.
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2. MynbTuareHTHaA CMCTEMA yNpaBAeHUA BbIYUC/IEHUAMMU

B paMkax npeano)keHHOro MOAXOo/a YIpPaBJIE€HHE BBIUMCICHHSMU Ha YPOBHE CpEAbl pean3yercs
myneTHarenTHor cucremoit (MAC) [4], oTHocsmieics K Kiaccy MeTarutaHupoBIInkoB. MAC
o0amaeT nepapxudeckor CTPYKTypOil, B paMKax KOTOPOW areHTHl CTPOAT OTHOIICHHUS MEXIy COOOMH
Ha OCHOBE IMPHUHIMIIOB CaMOOpPTaHM3allMK MyTEeM JIOKaJIbHBIX B3auMopaelcTBui. Ha kaxmom ypoBHe
CUCTEMBl areHTBl MOTYT WIpaTh pa3Hble poiH, o0JanaTh CHeuuUYECKUMH TMpaBaMH U
00513aHHOCTSIMH, JIEJIETHPYEMbIME MM TIOJIH30BATEIISIME M TIPOBaiiiepaMil BEIYUCIUTENFHBIX PECYPCOB
CpPEIbL.

Crpykrypa MAC mnpencrtaBieHa Ha pucyHke 1. Cucrema BKJIIOYAeT areHTOB IOJb30BaTelcH,
IUIAHUPOBAHUS BBIYUCIICHUH, KIIACCU(UKAIINI U KOHKPETU3AIlNU 33/IaHNH, pacTpeielieHus] peCypcoB
W WX MOHHUTOpPHHTA. B mpoliecce pacmpeneieHus BBIYUCIUTENBHON HArpy3kd IO BBITOIHEHHIO
3aJaHMsl AareHThl, MPEICTABISIIOIIUE PECypchl OOBEOUHAIOTCS B BUPTYANIbHOE COOOIIECTBO H
BBIOMpAIOT KoopauWHaTopa. PacmpeneneHue pecypcoB areHTaMd BUPTYajJbHOTO COOOIIECTBA
OCYIIECTBIISIETCS C TOMOIIBI) DJKOHOMHYECKHX MEXaHM3MOB pETyIMpPOBaHUS MX CIOpoca H
NPpEAJIOKCHHA B paMKaX TCHACPA BbIYMCINTCIIbHBIX pa60T.

Tennmep peanusyercs Ha OCHOBe aykunoHa Bukpu [5]. B pamkax TeHaepa MOXeT ObITh BBIOpaHa
OJTHA W3 TPEX MOJIENEH COTJIAaCOBAHUS IOJIH30BATEIHCKIUX KPUTEPHUEB U MPEIMTOYTSHUNA TPOBANIEPOB.
[Be Monenu OpUeHTUPYIOTCSL COOTBETCTBEHHO Ha MOJIb30BaTENEH U mpoBaiaepoB. B TpeTbelt Moaenu
HCIOJIB3YIOTCA HCYNIOPAAOYCHHBIC KPUTCPUN U IPCATIOYTCHH.

Monbsosatenu AOMUHUCTPATOPbI Cpeabl
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20



CucreMa MOHMTOpPHMHIA BKJIIOYAeT CICAYIOIIME YPOBHU: IIOJIb30BATEIbCKUH  ypPOBEHb,
MPEeIOCTABISIOMNN JOCTYN aJMHHUCTpaTopaM K CHCTEMHBIM KOMIIOHEHTaM JAPYTHX YpPOBHEH B
WHTEPAaKTHBHOM HJIM ITAKETHOM PEXHMaX; YPOBEHb JOCTYIa, pealn3yIoni MPOBEpKy MpaB AOCTYyIa
U CEPBEPHYIO 4acTh I10JIb30BATEIILCKOr0 UHTEp(eiica; ypOBeHb YIPABICHUSI CUCTEMON MOHUTOPHHIA
B LIEJIOM; IPOMEXYTOUHBIH YpPOBEHb DPACHPEICICHHUS MOTOKOB HWHCTPYKLMH M JAaHHBIX CHCTEMBI
MOHUTOPHHTA B CHICHIMAIM3NPOBAHHBIX BBIACICHHBIX Y3J1aX; YPOBEHb, IPeAHA3HAUEHHBIH 151 cOopa 1
00pabOTKH MEPBUYHBIX INAHHBIX C BBIYUCIUTEIBHBIX Y3JI0B, KOTOpPhIE IOCTYHAIOT OT KOHTPOJIBHO-
HU3MEpUTENbHOrO  obopymoBanusa. (CucreMa  MOHHTOPUHIA — HCIONB3YET — PACHpPENCICHHYIO
OUKINYECKYI0 0a3y JaHHBIX IS XpaHEHUs! PETPOCIIEKTUBHON U TEKyIeH HH(OpMAIMK O COCTOSHUH
BBIUYUCIUTEIBHOTO W HHQPPACTPYKTYPHOTO OOOPYIOBaHHUS, a TaKXKe BBIYUCIUTENBHOW HCTOPUH
BBITIOJTHEHHS 3aJaHUM.

CucreMa MOHHTOpMHra TMpenHa3HaueHa s TOAACPKKH IPOLECCOB aIMHHUCTPHUPOBAHUS,
KOHQUTYPUPOBaHUsI ¥  HACTPOMKH MPOrpaMMHO-aNIapaTHOTO  OOECTHeYeHHsi TeTepPOreHHOM
BBIUUCIUTEIBHON Cpedpl, a TakKe KOHTPOJs W YNPABICHUS BBIYHUCIMTENBHBIMH pecypcamu. B
YaCTHOCTH, B CHCTEME MOHUTOPHHIA PEa30BaHbl CPEACTBA TECTUPOBAHMS BHIUMCIUTEIBHBIX Y3JI0B,
BBIICTISIEMBIX JJIS1  BBITIOJHEHMS 3aJaHuii, W OCBOOOXKIEHUS WX CHUCTEMHBIX PECYpPCOB IIOCHC
3aBCPIICHUSA BBIIIOJIHCHHA 3TUX 3aI[aHI/II\/'I C ICJIbIO IOBBINICHUSA 3(1)(1)CKTI/IBHOCTI/I HUCIIOJIb30BaHUs
y3710B. Cxema TeCTHPOBaHHS y3JIOB M OCBOOOXK/ICHUS X PECYPCOB [6] IprBeieHa HA PUCYHKE 2.
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PUCYHOK 2: CxeMa TeCTUPOBaHMA y3/10B U OCBODOXKAEHUA UX PECYPCOB
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Jns HaxoXJeHUs 3HAYEHHH TM0Jh30BAaTEIbCKUX KPUTEPUEB M MPEANOYTEHUN MpOBaiiepoB
pa3paboTaHbl MOJIENIH OICHKH BPEMEHU, HAJIGKHOCTH U CTOMMOCTU BBITIOJHCHHUS 3a/IaHUH, a TaKKe
BBIOpAHBI METOJIbI OIIPE/ICICHUS YCKOPEHUS BRIYHCICHUN, 3()()EKTUBHOCTH HCIIOJIb30BaHUS PECYPCOB
1 OaraHCHPOBKH WX 3arpy3ku [7]. ba3oBple MeTOmpl M CpelncTBa MAalIMHHOTO OOyYeHHUS areHTOB
pa3IMYHOTO Ha3HAYCHHS mpencTaBieHsl B [8]. JlomomHUTENEHO pa3paboTaHa BEPOSTHOCTHAS
HEHpPOHHAs CEeTh Ui areHTOB KIACCHU(DUKAIMM M KOHKpeTu3aluu 3aaanuii [9]. Bes HeoOxomumas
nH(pOpMaIUs O BBIYHCIUTENBHBIX pecypcax W Tporeccax s NPUMEHEHHs BBIIICYITOMSIHYTHIX
MOJIeTIel, METOJIOB U CPEICTB MPEIOCTABISETCS CHCTEMOH MOHUTOPHHTA.

3. BbluncautenbHble KCNepuMeHTbI

Onenka pabotsl MAC nipu pacnpeneneHuH MOTOKOB 3aaHUi AJIsl TPeX MPeAoKEeHHBIX MOJeTeH
TeHJlepa MPOBEJeHa B DKCIIEPUMEHTAIFHON cpelie ¢ AByMA IyiaMu pecypcoB (Tabmuma 1). Ilotoxu
3amaHuii  cOpMUPOBAaHBI HA OCHOBE THIOBBIX paboumx mporieccoB Montage, CyberShake,
Epigenomics, LIGO u SIPHT. CpaBuenne ¢ GridWay m Condor DAGMan npoBoauioch Mo
CTOUMOCTH ¥ BPEMCHHU BBHIMOJHEHHS TIOTOKOB, YCKOPEHHWIO BBIYMCICHUH, 3()(EeKTHBHOCTH
WCTIOJIb30BaHUs PECYPCOB, CPEIHEH 3arpy3Ke MpOIECcCOpa M CPEIHEKBAAPATUICCKOMY OTKIOHCHHIO
OT Hee, XapaKTepU3yIIEeMy CTETIeHb 0aTaHCHPOBKH 3arPy3KH PECYPCOB.

Tabnuua 1
Pecypcbl BbIMUCAUTENILHOM Cpesbl

Pecypc OnucaHue

Myn1 8 BMPTYa/ibHbIX MaLUMH CO CAeAyOWUMIN XapaKkTepuctnkamm: 1 npoueccop Intel Xeon
E5506 (1 core, 2.13 GHz, 4 MB L3 cache, 2 GB RAM DDR3-800, 4 FLOP/cycle)
Myn 2 10 BMpTyanbHbIX MaLINH CO CAeayloWnmm XxapakTepuctukamu: 1 npoueccop AMD
Opteron 6276 (8 core, 2.3 GHz, 16 MB L3 cache, 32 GB RAM DDR3-1600, 4 FLOP/cycle)
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PucyHoK 3: lNokasaTenn o6paboTKM NOTOKOB 3adaHuii meTannaHuposlumkamm 1 MAC (mogens 1,
OpUEHTUPOBaHHaA Ha noJsib3oBaTenei): ctoumoctb (a) u Bpemsa (6) BbINONHEHMA 3a4aHU;
YCKOpeHue BbluMcAeHUM (B)
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PucyHoK 4: loKasaTenu WMCNoib30BaHUA pecypcoB meTannaHuposlmkamm u MAC (mopenb 2,
OpueHTUpPOBaHHaA Ha npoBsaiiaepos): apdpeKkTMBHOCTL (a), cpeaHAs 3arpyska npoueccopa (6),
CcpeaHeKBaApaTMYECKoe OTK/IOHEHWUE G OT CpeaHel 3arpy3ku npoueccopa (B)

MAC c mozensio 1 mpoaeMOHCTpUpOBaia MPEUMYIIECTBO MO0 BCEM KPUTEPHAM MOIb30BATENS IS
Kaxoro notoka 3aganuii B cpaBHeHuu ¢ Condor DAGMan u GridWay (pucynok 3). B Toxxe Bpems
MAC c Mozenbio 2 moka3zajia IPEeBOCXOACTBO MO BCEM NMPENNOYTEHUSM MIPOBANICPOB IS KaXI0T0
noroka B cpaBHeHnH ¢ Condor DAGMan u GridWay. [Ipu Heynopsjo4eHHOM MHOKECTBE KPUTEPHEB
MAC obecnieunBaeT COnocTaBUMBbIe pe3ynbTaThl B cpaBHeHnH ¢ Condor DAGMan u GridWay.

4. NMpaKkTnyeckoe npMmeHeHue

PazpaboTanubpie MoOmenu, METOABI M CPEICTBA MYJIbTHAr€HTHOTO YIPABICHUS BBIYUCICHUSIMU
YCIEIIHO MPUMEHEHBI Ha MPAKTHKE B IPOIECCE PEUICHUs psaa MPUKIAAHBIX 3amad. B ux umcie
ONTHUMM3aLUs CKIAACKON joructuku [10], BBIIBICHHE KPUTUYECKHUX 3JIEMEHTOB ra30TPAHCIOPTHOU
cetu Poccuu [11] u uccnegoBaHue HapaBICHUA pa3BUTHUSI TOIUIMBHO-PHEPTETUYECKOTO KOMILIEKCA
BretHama ¢ yueToMm TpeGoBaHMIA dHEpreTHYecKoil Oe3onacuocty [12].

[lpuMeHeHHEe TEPEUYUCICHHBIX pPa3pa00TOK IMO3BOJIMJIO CYIIECTBEHHO YCKOPUThH IPOIIECC
BBIYHCJICHUN, COKPATHTh BpPEMs peEIIeHHS 3a7ad M TOBBICUTh 3((EKTUBHOCTh HCIIONB30BAHUS
pECYpCOB reTEPOTEHHON PaCIpEEIEHHON BEIYUCIUTENBHOMN Cpebl.

5. 3aknoueHue

B pamkax pemenusi mpo0ieMbl YHpaBiIeHUS BBIYMCICHUSIMH B T€TEPOTEHHOW paclpenesieHHOM
BBIUHUCIUTENBHON CpeAe pPACCMOTPEH HOBBIM TOAXOA K IUIAHUPOBAHUIO BBIYUCIEHUH U
pacIpeelIeHHI0 PECypCOB, OCHOBAaHHbBIE HA MCIIOIb30BaHUM areHTOB. Pa3zpaboTaHa MyJbTHAreHTHas
cucTema, Oasupylomjascs Ha TPUMEHEHHH TPEX MOJENel YNpaBiIeHUS BBIYUCICHUSAMH: ABYX
MOJIETIE, OPUEHTHPOBAHHBIX COOTBETCTBEHHO Ha MOJIB30BATEIEH U NMPOBAWIEPOB PECYPCOB, a TAKXKE
MOJIETH C HEYOPAJOUYEHHBIMU KPUTEPHUSIMH U TIPEATIOYTEHUSIMHU.

MopnenbHbIE 3KCIIEPUMEHTHI IOKa3anu oueBuAHOe mnpeumyniectBo MAC mo cpaBHEHHIO C
MmetartanupoBinukamu GridWay u Condor DAGMan B pamkax JABYX MOAEJ€H, OPHEHTHPOBAHHBIX
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Ha MOJIb30BaTeNIe U MpoBaiiiepoB. B pamMkax TpeTbeil MOJIEN ¢ HEYNOPAI0YEHHBIMU KPUTEPUSIMHU U
npennouteHusiMu ~ MAC  mokasasa  CONOCTaBUMBIE  PE3YyJbTaTbl € BBIMIEYNIOMSHYTBIMU
MeTarulaHupoBIvKamy. [lodydeHHbple MpenMyIecTBa B yIIpaBI€HUH BEIYUCICHUSAMH MOATBEPHKIECHBI
pe3yibTaTaMy PELICHUs psiia IPaKTHYECKHX 3a1ad.

HccnenoBanne BBIIOJHEHO NpH MOJAEp)KKe MUHHCTEpCTBA HayKd M BBICIIETO 0Opa30BaHUS
Poccuiickoii ®enepanuu, npoekt Ne FWEW-2021-0005 «Texnomorun pa3paOOTKM W aHaIH3a
[IPEIMETHO-OPUEHTHPOBAHHBIX ~ WHTEJUIEKTYAJIBHBIX ~ CHUCTEM  IPYIIIOBOTO  yNpaBlIEHUS B
HEIETePMUHUPOBAHHBIX PACIPEAEICHHBIX CPEAAX).
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YucneHHoe moaenupoBaHue U sKCNepMmMeHTaibHble MeToabl B
aHazn3e CMeXHbIX BOJIHOBbIX nosei u reopusnMueckux cpep,
BalikanbCcKoi pndpTOBOU 30HDI

Mapat Xaiipermunos 2, Anexcanip Muxaitnos!, Jlapss [Tuauruna’

I Uncmumym  eviuuciumensnoti mamemamuru u mamemamuyeckoti 2eogusuxu CO PAH, Hoeocubupck,
np.axao. Jlaspenmvesa 6, 630090, Poccus

2 Hosocubupckuii zocyoapcmeennvliii mexnudeckuii ynueepcumem, np. Kapna Mapkca, 20, Hoeocubupck,
630092, Poccusa

AHHOTauuA

Ha ocHOBe 4YHCIEHHOTO MeToJa peUIeHHs TpsIMOH M OOpaTHOW 3aJad HW JaHHBIX
SKCHEPUMEHTOB aHAM3UPYIOTCS TIPOIECCH OJHOBPEMEHHOTO PACTIPOCTPAHEHHS BONHOBBIX
mojgel B CMEXHBIX Cpelax- 3eMisd, Boja, aTMmocdepa, Ned- CIOKHONOCTPOSHHOMH
reousmyeckord CcTpyKTyphl  balikanbckoit pudroBoit 3oHb (BP3) Ha ywacTke moc.
BbabymknH (roro-BocTouHas 4acTh baiikana) — moc. byrynbpaeiika (ceBepo-3amamHas 4acTb
Baiikana). IIpumensemslii B paborax BuOpauuoHHbIN ucToyHMK [[B-100 omHOBpeMeHHO
U3IydaeT celicMuueckue KojeOaHHs B 3€MJII0 M aKyCcTHYeckue B atMochepy. UncieHHBbII
ITOPUTM PEUICHUS MPSIMOH 3aaull BOCCTAHOBIICHHS CEHCMUYECKOTO BOJTHOBOTO OCHOBAH Ha
MPUMEHEHUH MHTETPAITBHOTO Mpeodpa3oBanus Jlareppa mo BpeMeHH ¥ KOHEYHO-Pa3HOCTHOMN
aNMpPOKCUMAIIUK [0 TMPOCTPAHCTBCHHBIM KOOpAMHATaM. YHWCICHHAs MOJENb CpPEbl,
HCTIONb3yeMasi TIPH pacuérax paclpoCTPaHEHHs CEHCMUUYECKUX BOJH, 33JaBalach C yIETOM
aNPUOPHBIX TaHHBIX 0 CKOPOCTHOM paspese bP3. B kadecTBe moaxona k pemeHuro oopaTHOH
3aJ]a4d BOCCTAHOBIICHHS CKOPOCTHBIX XapaKTEPUCTUK HEOMHOPOJHOW CPEIbl MPEIUIONKEH U
anmpoOMPOBaH BBYUCIUTEIBHBIN CETOYHBIN alTOPUTM, OCHOBAHHBIH HAa BBIUHCICHUH
CPEIHEB3BEIICHHBIX CKOPOCTEH B y4acTKaxX CETKH, HAKJIAIbIBaEMOH Ha IMOBEPXHOCTH 3E€MITH.
PaccMoTpeHbl BOIPOCHI MHOTOJIYYEBOIO PACHPOCTPAHCHUS THUAPOAKYCTHUECKUX BOJH B
BOZHOH Todme 03. baiikai, 00pa3yromuxcs Ha TPaHHMIIE MTePEeXo0Jia «CYIIa-BoIay BCICICTBHE
TpaHC(hOpPMAINK CelicMIYecKnX BONH. JlajdpHee pacmpocTpaHCHHE aKyCTUUECKHX BOJH B
atMocepe ot nctounuka 1[B-100 obs3an0 3¢dexTaM IpUIOBEPXHOCTHOTO BOJHOBOJHOTO
pacrpoCTpaHeHus BIOJIb IHEBHOU MOBEPXHOCTH 3€MJIM, a TAKXKE BO3MOXHOTO BBICOTHOTO
JMYy94EeBOTO PACIPOCTPAHCHHS C OTPAKCHHUSMH OT TPAJUCHTHBIX TPAHHI] B HEOJHOPOIHOU
aTMmocdepe.

Keywords

Baiikanbckass pudToBas 30HA, HYHUCICHHOE MOJICTUPOBAHWE, BUOPAIMOHHBIA HCTOYHUK,
CeICMO-THUIPO-aKyCTUYECKOE BOJIHOBOE pPACIPOCTPAHEHHE, MI'HOBEHHBIH CHHMOK IO,
CHHTETHYECKHE celicMorpaMMBl, CETOYHBIN aJTOPUTM, CKOPOCTHOM paspes,
COIIOCTAaBUTENbHBIN aHAIN3

1. BeBepgeHue

B mpobneme MoHuTOpUHTra celicMoakTUBHOM baiikanbckoit pudrosoii 306l (BP3) Bce Gombinyto
pOJIb WIPAOT 3KOJOTHYECKH YHCTHIE METOABl aKTHMBHOTO MOHHMTOPHHTA CIIOKHO TOCTPOEHHBIX
CTPYKTYp Kak 3eMHOM uactu BP3, Tak u BomHo¥ Tommu o03. baiikan. 3pech mnepCrneKTUBHBIM
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BBICOKOPA3PEIIAIONIMM U KOJIOTUYECKH YUCTHIM SIBJISIETCS METOJ] BUOPAIMOHHOTO MPOCBEYHNBAHUS
3eMiH, TMO3BOJISIONINN MONTYy4aTh C BBHICOKOW MOBTOPSEMOCTBIO OTKJIMKH CPEIbl B OTBET Ha aKTHI
30HAMPOBAHMS MOIIHBIM BUOPAITMOHHBIM UCTOYHHKOM [[B-100 ¢ aMImuTy0i BO3MYIIAIOIICH CHIIBI
100 Tc. [1,2]. Hcrounuk ycraHoBieH Ha Oepery baiikana B paiione noc. baOymkun (roro-soctouHas
yacth 03.baiikan. Kpome celicMuyeckux BOJIH, MCTOYHHMK H3Iy4aeT B arMocdepy aKyCTHUYECKHE
BOJIHEI [3].

C wucnonp3oBanueMm BHOpartopa cuimamu WMHctutyra (usukn 3emmu  PAH, Wactutyta
BBIYUCITUTEIHHON MaTteMaTuku u Mmatemarudeckor reopusukn CO PAH, Uncturyra reonornu CO
PAH B 2021 r. ObUIM BBINOJIHEHBI 3KCIICPUMEHTHI 10 30HIUPOBaHUIO pationa BP3 Bmonp mpodus
n.baOymkun-n. bByrynpneiika (ceBepo-3amamHas 4acTh o3.baiikan). Cxema 30HAMpPOBAHHS
mpencTaBieHa Ha puc.l. 3gech M300paKeHBI THUIBI W3TYyYaeMBIX BOJH, HCIIONB3YEMBbIE NATYUKH H
MeCTa UX paCCTaHOBKH.

va=330m/c
Nép
Bu6patop LB-100 CK1-I7
N S-ON
GS-3
v

Vp=1450m/c

PucyHok 1: Cxema npoBefeHMA 3KcnepumMeHToB Ha balikane no BMOpauMOHHOMY MPOCBEYMBAHUIO
COMPAMKEHHbIX cpes, «3emna-sofda-neg-atmocoepa. MpeactaBneHbl @ ceicMuyeckuii Bubpatop LIB-100 c
Bo3MyLLalowen cunoin 100 Tc B AmanasoHe 4yactoT 6.25-10.05 lu; CK-1M, GS-3, GS-ONE--ceicmunyeckue
TPEXKOMMOHEHTHbIE  AATYMKK, MAPOPOHBI-AATYMKU  TMAPOAKYCTUHECKUX  KONebaHui, «noctameHT»-
cericmmnyeckan obcepsaTopus Ha raybuHe 3 m; «ieny, «beper», «KamMHWU», «rmapodOoHbI»- HaMMeHoBaHUe
MEeCT YCTaHOBKM AaTYMKOB.

OKCIIEpUMEHTANBHO TIOJydaeMasi TMPOCTPAaHCTBEHHO - BpEMEHHas KapTHHA CEHCMHYECKOTO
BOJIHOBOTO TMOJII B 3€MJle M THIAPOAKYCTHYECKOr0O B BOJAE Kak pe3yJbTaT BUOPALMOHHOTO
30HAMPOBAHMA HMMEIOT CIOXKHBI XapakTep M HHTepHperanuud. B 310l cuTyauum ams
MPOTHO3MPOBAHUSI W TIOBBIIICHHUST BO3MOXKHOCTEH WHTEPIPETAMN KapTUHBI BOJHOBBIX IOJEH
OONBLIYI0 POJb WrpaeT YHCICHHOE MOJENHMPOBAaHHE MPOLECCOB PACHPOCTPAHEHHS BOJH,
PaccUMTHIBAEMBIX C YYETOM alpHOPHBIX AAHHBIX MO0 TIyOMHHBIM CKOPOCTHBIM paspezam BP3. Ha
CeTOIHS TaKWe pa3pe3bl IOIYYEHBI PAAOM OTEUECTBEHHBIX M 3apyOeXKHBIX HCCIeroBaTelel ¢
NPUMEHEHNEM IIHUPOKOTO CIEKTpa MCCIEeNOBAaHUH — TIIyOMHHOTO CEHCMMYECKOTO 30HIMPOBAHMS
3emmun (I'C3), mertoma mpenomsieHHbix BomH (MIIB, KMIIB) u gp. O0630p MHOroseTHHX
HCCIICIOBAaHUI B 3TOM 00JIaCTH MpecTaBiieH B padore [4].

B Hacrosmeil paboTe aBTOpPHI ONMUPAIOTCS HA COBPEMEHHbIE IAaHHBIE MO0 CKOPOCTHOMY paspesy
BP3, nonmyuennsie B padore marckux ydeHbix C.Nielsen, H. Thybo [5]. Umu npoanamusupoBaHbI
CBOWCTBA OCaJOYHBIX OTJIOKEHHWH 1Moj 03. baiikan, BKiItoYas CKOPOCTHOH paspe3 cpelsl o OopTam
o3epa Ha 0aze mpoTskeHHOCThIO 350 kM. C y4eToM NpHUBENICHHBIX PE3yIbTaTOB B HACTOSIICH CTATHE
NpeACTaBICHbl  YUCJICHHBIE METOJbl MOJECTUPOBAHUS BOJHOBBIX IIOJeH W BOCCTaHOBJICHUS
CKOPOCTHBIX XapaKTEPUCTHK HEOJHOPOAHBIX YIOPYrux cpen bailikanbckoli puQTOBOW 30HBL,
OCHOBaHHBIE HA PEUICHUH TPSMBIX W OOpaTHBIX 3amad celcMHKM. PaccMaTpuBaioTcs BOIPOCHI
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MHOTOJIYYE€BOT'O PaCIpOCTpaHEHUs THUAPOAKYCTUUECKHMX BOJH B BOJHOW Tojuie o3. balikan,
00pa3yroIuxcsl Ha TPaHMLE NIepexo/ia «CyIla-Bojia» Kak pe3yibraTa TpanchopManun ceiicMUYecKux
BOJIH B THApOaKycTudeckue. PacmpocTpaHeHHe MOCIEIHUX MPOUCXOAUT B BOJHOBOJIE «IEI-IHO»
03epa ¢ MHOTOYMCIICHHBIMU MEPEOTPAXKEHISIMA OT TPAHMII, XapaKTEPHBIMH IJIsl TPAIUEHTHBIX Cpe,
oOpa3yromuxcss TO TIyOWMHE o03epa- CIOM C BBIPAKEHHBIMH TEMIIEPATYPHBIMHA TpaldeHTaMH,
noaBoaHbIN 3BykoBo# kaHan (I13K), rpaHumpl pasHOMIOTHOCTH cpel, 0OYCIOBICHHBIE MepenaiaMu
JMaBJICHUH. DKCIEPUMEHTAIHFHO MOydeHHBIE 3aIMCH BOJH B BOJIE OTPAKAIOT CIIOKHOCTH CTPYKTYPHI
BOJIHOBOTO TIOJIS B BOJIE.

[Ipu BUOpaLMOHHOM 30HAMPOBAHMHM CMEXHBIX Cpel PaccMaTpUBalOTCS (hEeHOMEHBI AANbHEro
pacmpocTpaHeHus] aKyCTHYeCKHX BOJH B arMocepe or wucrounuka L[B-100, cBs3anHbIe C
MPOIIECCaMyl  TIPUITOBEPXHOCTHOTO BOJHOBOIHOTO PAcCHpOCTPAaHEHHS BIOJh THEBHOW MOBEPXHOCTH
3eMJIM, a TaK)X€ JOMOJIHUTENbHO BBICOTHOTO JYYEBOI'O pACHPOCTPAHEHHUS C OTPAXKEHHUSIMH OT
TpaJAMEHTHBIX TpaHHUL B HeogHOponmHoW armocgepe. [lokasaHa cormacoBaHHOCTH BBIBOAOB IO
pe3ynbTaTaM YUCIIEHHOTO MOJISITHPOBAHUS 1 SKCTIEPUMEHTOB.

Pemenne paccmarpuBaeMbIX 3a/ad TECHO CBS3aHO C CO3JAHWEM BBIYHCIUTEIHHONW TEXHOJIOTUU
HU3YyUCHUA HpOCTpaHCTBCHHO-BpeMeHHOﬁ JUHAMHUKHU BOJHOBBIX Moje B CBSA3M C IIOBBIIICHHOM
ceiicMOaKkTUBHOCTHIO paiioHa BP3.

2. YncneHHaa mopgenb cpeabl, anroputm U pe3ynbTaTbl pelueHusA
AVHaMUUYECKOM 3a4a4M pacyeTa BOIHOBbIX Noneun

UucneHHast MOJEINb Cpelibl, HCIOIb3yeMasl IIPU pacu€Tax pacnpoCTPaHEHUS! CEHCMHYECKHUX BOJIH,
3a/laBajach C Y4eTOM AampHOPHBIX MaHHBIX O ckopocTHOM paspe3e BP3 [5]. CootBercrByromiee
rpaduyeckoe oTOOpakeHUE YMCIEHHON MOJENH cpeibl NpUBOIUTCSA Ha puc.2. Ha mpencraBieHHOM
PUCYHKE M300pa)KEHbI IPAHMIIbI CJIOEB U TIOANUCAHBI 3HAYEHUA CKOPOCTEN IPOJONIBHBIX BOJH J, B
ATHX CJIOSIX. 3HAUEHHUS IONMEPEYHBIX BOJH  3alaBajlMCh 1O (opMmyJie Vi=V, /\/5 . IInorHOCTH

paccunThiBajgachk mo u3BecTHOM (opmyne ["apmHepa p:1,74*VP°‘25. ®usnyeckre XapaKTepUCTHKU
CJI0S1 BOJIbI — CKOPOCTh MPOAOJIbHOM BOJIHBI Vp:1480 M/CEK, TUIOTHOCTD p=10 r/cms. Ilpu

pacuérax 3a7aBanach OrpaHUYEHHAs 110 IMPOCTPAHCTBY OOJIACTH Pa3MEPHOCTBIO (x,z) = (90xm,45km).
Jiis mopaBiieHusT OTPaXEHUS BOJH Ha TPaHUIAX, OTPAHUYMBAIONIAX 3aJaHHYI 00JacTh, OBLI
KCIIOJIb30BaH CHOCO0 OTrpaHMYCHMsI PAaCYETHOM 00JIaCTH HjieaNbHO mHoromatonmmu PML criosmu
(PML a06peBuatypa anriuiickoro Perfectly Matched Layers). Dror moaxonm mNpemjioxeH s
YHCIIEHHBIX PACUYETOB YIPYTUX BOJHOBBIX MOJIeH B padorax [6,7].

30 40 50 60 70 go 9o km

Ll
water

—1900m/s
3600 m/s
4500 m/s
5250 m/s
6250 m/s

6400 m/s

20

6600 m/s

30 ]

7400 m/s

40 7 Moho

km Uppermost mantie 8200 m/s

PUCYHOK 2: YncneHHaa moaenb CKOPOCTHOro paspesa bP3.
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2.1. [locraHoBKa 3agaum

CBsi3p MEXJly KOMIIOHEHTaMU HANpsDKEHUI M CKOPOCTAMHU CMEIIEHHUH B JIEKapTOBOM cucTeMe
KoopauHaT (Xx,z) Ui 33Jaud PacHpOCTPaHEHHs CEHCMOaKyCTHYECKUX KOJeOaHHW B YIPYroi

HSOTpOHHOfI Cpcac 3alMChIBACTCS KaK:

ﬁu 1 é’a 0"0'
ﬁt ﬁx oz

]+F(x z)f(¢)

Ju 1(Jdo,. 50‘
L =— +F t
ot ( ox  Jz j 520
é’G é’u
=(1+2 X (1)
0” =@ ) Jz ﬁx
Jdo,, é’uz
Jx 0”2

é’axz_ du, é’uz
ot oz é’x

B stux ypaBHenusx (u, ,u,) - KOMIIOHEHTBI CKOPOCTH cMellenus, (o, ,0

zz?

O,.) - KOMIIOHEHTBI

xx 4
TeH30pa HamNpspkeHu#, o(x,z) - WIOTHOCTH cpenbl, A(x,z) U (x,z) - xodddumentsr Jlame.
F_,F -COCTaBIAIOIME  CHIIBI F(x,z)=Fe_+Fe , onuceBaouein  pacrnpenencHue
JIOKAJIM30BAHHOTO B TMPOCTPAHCTBE HCTOYHMKA. B KadectBe Momenupyemoro ucrounuka F.,F,
BBIOUpPACTCS ucrounnk BeprukanmpHoit cumel: P, =0, F, =0(x—x,)0(z—z,); f(t)-
MOJIETIMPyEMBbIii BpEMEHHO! CHTHAJT B UCTOYHHKE C KOOPAUHATAMH (X,,Z, ) -
3ajiaua periaercs Mpy HyJIeBbIX HAYAIbHBIX JTAHHBIX:
], =0 . Q)

Pemenne paccmaTpuBaercs Ha momynpoctpanctBe Z >(), ¢ rpaHMYHBIME yCJIOBMSMM Ha
CBOOO/THO MMOBEPXHOCTH:

o, (x,z,t)L:O =0 (x,z,t)L:O =0. (3)

[MTonaraem mapametpsl cpeabl pP(x,z),A(xX,z),4(X,2z) - KyCOYHO-HENPEPHIBHBIMU (YHKIUSIMH

zl=0 — O-XXL:O - ZZ|t:0 - O-XZL:O

IEePEMCHHBIX X, Z.

2.2. Anroputm pelieHus

ANTOpPUTM pELICHUs 3a/la4yd OCHOBAaH Ha NMPHUMEHEHHWH MHTETrpajibHOro mpeoOpasoBanus Jlareppa
[0 BPEMEHH M KOHEYHO-Pa3HOCTHOW aNNpOKCHMALMU IO MPOCTPAaHCTBEHHBIM KoopAauHaTtaM. Ha
nepBoM 3tane, k 3aaa4e (1)-(3) npuMeHum uHTErpaipHOE peodpa3oBanue Jlareppa mo BpeMeHH.
Jlns Hexoropoii pynkimu F'(¢) mHTEerpanbHoe npeodpazoBanue Jlareppa onpenensiercs: Kak:

= J. F(t)(ht) 2 1% (ht)d(ht) c bopmynamu obparnenmus:
0

F(f)=(ht)? Z F P17 (ht), tne [ (ht)- oproHopmupoBanHble dyHKumE Jlareppa:

0
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Tz;; (ht)I“ (ht)d(ht) =S, (mta)t

Oynximn Jlareppa [ (ht) BeipaxkaioTcst Yepe3 KIaCCHYECKHE CTAHAAPTH30BAHHBIC MHOTOUICHBI

Jlareppa L? (ht). BeiOupaem mapamerp o LENbIM U MOTOKHTEIBHBIM, TOT/IA:

a ht

1(ht) = (ht)? e > L% (ht).

B pesynerate manHoro mpeoOpa3oBaHusi ucxomHas 3amada (1)-(3) cBoguTcs K IBYMEpPHOM
MPOCTPAHCTBEHHOW nud(depeHIIMaNbHON 3aaue B CHEKTpaldbHOW oOnactu. [jis perneHus ee
MPUMEHSIETCS. METOJI KOHEYHO-Pa3HOCTHOW amMpOKCHUMAITUK TMPOU3BOIHBIX MO MPOCTPAHCTBEHHBIM
KOOpJMHATaM Ha CIBUHYTHIX CETKaxX C 4-bIM MOpAAKOM To4HOCTH [8]. Jms sToro B pacdeTHOH

00JIaCTH BBOJSTCS B HATIPABIECHUHM KOOPIMHATBI Z CETKH WZ, UMZ,,, C IaroM auckperusamun Az,

CABHUHYTBIC OTHOCHUTCIIBHO Aapyr Apyra Ha AZA :
a)Zl :(x7JAZ’t)) a)Zl/z:(x,]AZ+7,t),J:0,...,M.

AHaNIOrM4HO BBOAATCS B HAIIPABICHUU KOOPIUHATBL X CETKU WX, U (WX, , C IIaroM JUCKPETU3aLUU

AX , CIBHHYTBIE OTHOCHTEIIBLHO JPYT APyra Ha AXA :
wx, = (iAx,z,t), ox,, =(ZAX+7,Z,I),Z =0,...,.N.

Ha naHHBIX ceTKax BBOJATCA oneparopsl quddepenuuposanus D, u D, anmpokcumupyromme

HpOI/I3BOI[HI>IC ai nu a_ C 1ICTBepTI:.IM HOpHILKOM TOYHOCTH I10 KOOpI[I/IHaTaM zZ= .xl u xX= x2 .
X Z
9 Ax Ax
Du(x,z)=—|u(x+—,z)—u(x——,z) |- u(x+—.,z)—u(x———,z) |,
X()Sm(z)(z)%m(z)( )
9 Az Az 1 3Az 3Az
Du(x,z)=—|u(x,z+—)—u(x,z——) |— u(x,z+—)—u(x,z ———
 u(x,z) ™ ( 2) ( 2) A A ( ) —u( )

Onpenem/IM HCKOMBIC KOMIIOHCHTBI BEKTOpPA PCHICHUS B CICAYIOMIUX y3JIaX CCTOK!:

u'(x,z) e wx, x wz,, u'(x,z) € wx,, X @z,,, on(x,z), 0n(X,z2) € WX, X @z,

ol(x,z) € wx, X wz,,.

B pesynbrare mpuMeHeHHS METOJa KOHEYHO-Pa3HOCTHOM amnmpoOKCHMAaldd B KOHEYHOM CUETe
MOJyYMM CHCTEMY JIMHEHHBIX anreOpanveckux ypaBHeHHUH. IIpeacTtaBuM MCKOMBINH BEKTOD pEIICHUS

W B cnenytoiieM Buje:
V(m)=(Vo(m)V(m),...Vyyy(m))"

_ V) SV TR VR
_ l:j 1+ 2,/+A 1+ 2,] 1+ 2,] l,‘]+é T
I/i i _( u-,u » Oy e »O ) .

+J z
Torna maHHasi cucreMa JIMHEWHBIX alreOpandecKuX ypaBHEHHI B BEKTOPHOM (opMe MOXKeT
ObITh 3anmcana kak: (A, + EE ) W(m)=F,(m—1).B pe3ynbrare Matpuiia CHCTEMBI CBEIEHHOM

3aJaud MMEET XOpPOIIyI0 OOYCIOBIEHHOCTb, YTO TIIO3BOJISIET HCIOJIb30BATH OBICTPBIE METOMBI
pelIeHHs CUCTEM JIMHEWHBIX anreOpanvyeckux ypaBHEHUIH Ha OCHOBE MTEPALMOHHBIX METOAOB, THUIA
COTPSDKEHHBIX TPAJAMEHTOB, CXOSIINECS K PEIICHUIO ¢ TPeOyeMOil TOYHOCTBIO BCETO 3a HECKOJBKO
nutepauuid. Ha 3TOM 3Tane npoBeaeHus] BHIYMCICHUI Oblla pean3oBaHa pacrapajuleieHHasl BEepCHs
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METOZa CONPsDKEHHBIX I'paaueHToB. Ha ypoBHE BXOAHBIX AAaHHBIX NPH 3aJaHUM MOJIEJIU CPEAbl 3TO
PaBHOCHIIBHO JIEKOMITO3UIIMN HCXOAHOM 00JacTH Ha MHOXKECTBO MOA00OJAacCTEl, paBHBIX KOJIHMYECTBY
MIPOLIECCOPOB. DTO JAaeT BO3MOXKHOCTb paclpeieieHus NaMsITH Kak MpH 3aJaHUd BXOAHBIX
MapaMeTpoB MOJIENH, TaK ¥ MPH JaIbHEHIIIeH YHCICHHON pealn3anny alroOpuT™Ma B TIOJ00IaCTX.

2.3. Pe3ynbratbl YNCNIEHHOrO MOAENUPOBAHUA

Jlns  monenupoBaHus 10 balikanbCckoMy HpOQMIO HCIONb30BAICS JBYXMEDHBIH Cilydaii
[OCTAHOBKHM 337a4d B IUIOCKOCTH  (X,z). MOIEnuMpoBanoch BOJHOBOE MOJE OT JIOKAJIHLHOTO
MCTOYHMKA THIIA BEPTUKAIbHas CUJIa. B 3TOM cllydae KOMIIOHEHTBI PACIpEENeHUsl UCTOYHUKA B
IIPOCTPaHCTBE s cucTeMbl ypasHemwii (1) samapamuch kax; F. =0, F =0(x—x,)0(z—z,).

BpeMeHHOM curHall B MCTOYHUKE 3aJaBaicsl B BUAE uMiyibca [ly3sipéna:

27 f,(t=1y)°
2

f(t)=exp| - SinQ2z fo(t 1)) (4)

rne y =4, f, =8Tn, #,=0.125cex.
IIpu 5TOM MOZIENMpyeTcs BOIHOBOE MMOJE OT TOYEYHOTO MCTOYHMKA THIIA BEPTHKAIbHAS CHIA,
PACIIONOKEHHOTO HA TOBEPXHOCTH C KoopuuHatoii X, =88 KM mno ocu X.(MecTomonoxeHue

MMOKa3aHO BEPTHKAIBHOW cTpenkod Ha puc.2). [lo oTHOmEHWIO K 3aaHHONW Mojenu cpeabl (puc.2)
W3JOKEHHAs ~ METO/AWKa pacueTa MO3BOJSET OTCICKUBATH Pa3BUTHE BO BPEMEHH KapTHHBI
pacmpocTpaHeHHsT BOJHOBOTO IOJISI OT HCTOYHHKA 10 TOPU30HTANE U IiTyOnHe. B kadecTBe mprmMepa
Ha puc.3 MpUBEIECH MIHOBEHHBIH CHUMOK BOJIHOBOTO 1oJisi Uz — KOMIOHEHTHI 17151 MOMEHTa BPEMEHH
T=15 cex. PucyHok HarisAHO MOKAa3bIBacT pPaclpOCTPAaHEHHWE BOJHOBBIX ()POHTOB KOJNEOAHWU B
BBIOpPaHHBIX KOOPIUHATAX.

o o 20 0 o 50 &0 70 8 Yo
10 -
20 -
30:

g
km

PucyHOK 3: MrHoBeHHbIi CHUMOK BO/IHOBOrO nonsa Uz— KoMnoHeHTbl ansa T=15 cekyHa,

[lo pesymbTaTam pacyeTOB IIOJIYYEHBI CHHTETHYECKHE CEMCMOTPAMMBI, XapaKTepPU3YIOIINES
pPaCIONIOXKEHHE BOJIHOBBIX OTKIMKOB B KOODJMHATAX «BPEMS-PACCTOSIHUE», TJIE PacCTOSHUE
OTCYUTHIBAETCS OT UCTOYHHKA TI0 TOPH3OHTANH. [IpH 3TOM MONyYeHbI CHHTETHYECKHE CEHCMOTpacChI
st P u U, — KOMIOHEHT BOJTHOBOTO TIOJISl B JMAIa3oHe JManbHOCTEeH 76.5- 86 kM. [lpuémHuKN mist
3anucH ceiicMoTpace P KOMIIOHEHTHI JaBJIeHHs PacIojaraiuchk B Boje Ha riiyoune z =20 merpos, a
it Uz — KOMIIOHEHTHI Ha MOBEPXHOCTH 3eMit (puc.l). 3naueHust aist P KOMITOHEHTHI BBIYUCIISUIHCH

0 3HAYCHUSAM HOPMAJIBbHBIX KOMIIOHCHT TCH30pa HAIPSIKCHUA 110 q)OpMy.]'IC PZ\’O')fx +UZZZ .

Koopaunata nepsoro npuémanka X, =2 KM . MHTepBan MexIy IPHEMHHKAMH 110 OCH X COCTaBIIAeT

Ax =500 wmetpor. IlepBble Tpu NPUEMHHMKA PACIONOXKEHBI HA CYyIIE, a OCTaIbHBIE B BOJE.
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IIpuBeneHHBIE MapaMeTpsl PACCTAHOBKM JUISl YHCICHHOT'O JKCIIEPUMEHTA COOTBETCTBYIOT TEM, YTO
ObUIM pealn30BaHbl B PEalbHOM SKCIEPHMEHTE B IOro-BocTouHOW wacTu balikama Ha Tpacce moc.
BbaOymkun- moc. byrynpaeiika.

Ha ocHOBE NMONy4EHHBIX BOJIHOBBIX OTKJIMKOB OLICHUBAIOTCSI BPEMEHA BCTYIUICHUS BOJIH, KOTOpBIE
B JaJbHEHIIEM HCIONB3YIOTCS U pacueTa CKOPOCTHBIX XapaKTEPUCTHK Cpeabl IO TiIyOuHe.
AJNropuTM pacdera pacCMaTpUBAETCS HUXKE.

3. Anroputm K pe3ynbTaTbl OLEHMBAHUA CKOPOCTHbIX XapaKTepPUCTUK
CNOXXHOMOCTPOEHHOM cpeabl

Perirenue 3a1a4n BOCCTAHOBICHUS CKOPOCTHON XapaKTEPUCTHKU CPEIbl, TIO CYTH CBOEH, SBISIETCS
00paTHOH, 3aKITIOYAIONICHCST B TIOCTPOCHHH CKOPOCTHOTO pa3pe3a Ha OCHOBE M3MEPECHHBIX BpPEMEH

BCTYIUIGHHH BOJMH ¢ , 00Opa3ylomuX CKOpPOCTHOW romorpad B BHIE HEKOTOPOHW HEIMHEHHOM

—

uHTerpanbHol ¢pyHkuun [9]. Yacto nz-3a 0onbIIoi pasMepHOCTH { TPHUMEHEHHE CTPOTUX METOMOB
peuieHns oOpaTHO 3aJauu OcJI0KHEHO. st 3TOTo ciydas MpeiokeH W anpoOHpOBaH MOAXON K
pelieHnio 00paTHOM 3a/laui BOCCTAHOBJICHUS! CKOPOCTHBIX XapaKTEPUCTUK HEOJHOPOAHOM cpenbl B
BUJIC BBIYMCIMTEIBHOTO CETOYHOI'O alrOpUTMa C aJalTUBHBIM BBIOOpOM IIara CETKU. AJITOPUTM
OCHOBaH Ha BBIYHCIIEHHUH CpEIHEB3BEIIEHHBIX CKOPOCTEH B y4acTKaX CETKH, HAKJIaJbIBaéMOW Ha
MOBEPXHOCTh 3eMiid. llpu 3TOM mojapasymeBaeTcsi yTOUHEHHE PAacyeTOB CKOPOCTEH B 00JACTAX C
HanOoJiee BEIPAXKEHHON TeTePOreHHOCTHIO. Mest moaxona COCTOMT B TOM, UTO HCClieayeMasi 00IacTb
pa3buBaetcs Ha ydacTk [10], B KOTOPBIX BBIYHMCIIAIOTCS JIOKAJIbHBIE CKOPOCTH B COOTBETCTBUU C:

N M L,
XX

=1 j=1 U ; i
W= e N G M) ©
i

i=l j=1 L!‘/‘

N
rae V; — CpeiHss CKOPOCTh CEHCMHUYECKOW BOIHBI OT MCTOYHHKA [ JIO JaT4uKa j, N- 4ucio

UCTOYHMKOB, M — YHCJIO PErUCTPUPYIOIIUX JaTYMKOB HA JIMHEHHOM mpoduie, L; — pacCTosHUE,
NPONJICHHOE CEHCMUYECKOM BOJIHOM OT MCTOYHHMKA [ JIO JIaTYhKa j, Lz — paccTOsiHUE, NPOMICHHOE

ceficMHUYeCKOi BOJHOW OT MUCTOYHMKA i JI0 JaT4yhKa j B k-oM ydacTke. Takum oOpa3om, Ha BCHO
HCCIIeyeMyt0 001acTh HaKJIaJIbIBACTCS CETKA, Yy3JIaMH KOTOPOW SBJSIOTCS K-bIe€  YYaCTKH.
MUHUMaJIBHBIN IIar CETKH OTPaHUYMBAETCSI BEPXHEH T'PaHMYHON YacTOTOW KoJieOaHWi MCTOYHHKA.
Takol moaxoa UCHOJIB30BAH K BOCCTAHOBJIEHUIO CKOPOCTHOT'O CTPOEHHUS CIIOKHOIIOCTPOSHHOU Cpe/ibl
Ha BBIOPaHHOM JTsI IPOBEICHHSI SKCIIEPUMEHTOB npoduie moc. badymkun- moc. byrynbueiika..

PesynbTaT oOIlleHWBAaHMS CKOPOCTHOM XapaKTEPUCTUKH CPEIBIB 3aBUCHMOCTH OT JaJIbHOCTH
30HAMPOBAHUA METONOM (5) TpencTaBieH Ha puc.4 B BHJE THUCTOTPaMM CpPEIHEB3BEIICHHBIX
ckopocTeld V, B JOKAJIM30BAHHBIX JAHMANA30HAX JAIBHOCTEH «HMCTOYHUK-IPUEMHUK» 76-90 KM,
yKa3aHHBIX Ha OCH abIucc.

4. [anbHee pacnpocTpaHeHMe aKyCTUYeCKUX BOJIH B a'rmocd)epe

MHorodakTopHasi MOAEIb HHTETPAIbHOTO JaBICHHUS KaK pe3yibTaTa paclpOCTPaHECHUs
aKyCTHYECKMX BOJIH B HIDKHEH atMocdepe ot Bubparopa LIB-100 moxeT ObITh OnmcaHa ypaBHEHUEM
JHEPreTHYECKOTo OanaHca:

Pz(tafar) =Pv(f)+])1(V)+P2(€,T,a),¢)+P3(1/7"2) (3)
3}_IGCB ft([,f,r) — AABJICHUEC B TOYKC PCTUCTpALIMX HA YAAJICHUU 7 OT UICTOYHHKA, PV (f) — Y4aCTOTHO
3aBUCUMOC aKYCTHYCCKOC NAaBJICHUC, pa3BUBACMOC MCTOYHHUKOM; })1 (I') — INOIJIOLICHUEC I/IH(bpa3BYKa

o paCCTOAHUIO, ONIPEACIIACMOC HCEOOAHOPOAHOCTBIO aTMOC(l)epLI " MMOKPOBOM Z[HeBHOﬁ MMOBCPXHOCTHU
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3emnu (j1ec, TpaBa W T.1.); P2 (e,7,W,,) — naBieHHe B IIyHKTE DPETHCTPALMH KaK (YHKIHS

METEOIapaMeTPOB; OTHOCUTEIILHOM BIKHOCTH, TEMIIEPATYphl, CKOPOCTH W HAIpaBICHUS BETpa,
yria (¢ MeXOy HallpaBJICHUEM BETpa U BOJHOBBIM ()POHTOM OT UCTOUHHKA; P3 (1/r%) — naBneHue Kak

pe3ynbTaT chepudeckoit pacXoAMMOCTH BOJTHOBOTO (hpOHTA.

OpuH u3 (HaKkTOPOB, CIIOCOOCTBYIONINX MANBHEMY PacIpOCTPAaHEHHIO MH(pa3Byka (HU3KOYaCTOTHOE
aKyCTHUYECKOE KojeOaHue), CBS3aH C SBICHHUEM MPOCTPAHCTBEHHOW (DOKYCHPOBKM BOJH B
HanpasieHun Betpa [11]. Jpyroii (aktop CBs3aH C SIBJICHUEM OTPAXKCHHsI aKyCTHUYECKUX BOJH OT
BEPXHHUX CIIOEB HEOTHOPOIHON aTtMocdepsl. B cimydae OGmaronmpuaTHEIX aTMOC(HEpHBIX MapaMeTpOB-
BBICOTHOTO (B KM) mpoduiis TeMmMIepaTypbl, KOMIIOHEHTHl TOPHU30HTAIBHOTO BETPA, BBICOTHI
OTPaXCHHUSI OT BEPXHHX CJIOCB aTMOC(EpPhl — JAIbHOCTh PACHPOCTPAHCHHUS MOXKET JOCTUTATh COTCH
kM [12]. DOKcnepuMeHTa bHBIM MONTBEPKICHHEM OSTOTO BBIBOAA SBISIOTCS  PE3YJIbTATHI
OTHOBPEMEHHOW  PEeTrUCTpaluil  BUOPAIMOHHBIX  CEHCMHYECKMX ¥  aKyCTHYECKHX  BOJIH,
MpeaCcTaBIeHHBIX Ha puc.5. 31ech paclpoCTpaHEHUE BOJH B 3eMile OTPa)KeHO B BUAE MEPBUYHOM
ceificMIYecKOi BOJTHBI CO BPEMEHEM IIEPBOr0 BCTYIUIEHHS 16.9 ¢, B aTMoc(epe akyCcTHIeCKOW BOITHBI
CO BPEMEHEM BCTYIUIEHUs 262 c.

CHOPOCTA BOJIH, KMIC
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PUCYHOK 4: a)-TMCTOrpamma BOCCTAHOB/EHHbIX CKOpOCTel BOAH V, Kak ¢yHKUMA adanbHocTu; 6)-
0606LleHHble AaHHble MO CKOPOCTAM, MOAYYEHHbIE B HATYPHbIX 3KCNEPUMEHTaxX No rAybuHHoMy
cercmmnyeckomy 3oHaMpoBaHua BP3 (A.B. bensawes, LU.A. TybaHos [4])

1 1 1 1 1
100 150 200 250

| t.c
300

PUCYHOK 5: cTpyKTypa BUOPALMOHHbIX BOJIH KaK pe3yabTaT 30HAMPOBaHUA 30HbI 03.6aikan Ha
yaaneHun ot Bubpatopa 85.5 Km: npeacTasaeHbl NepBUYHbIE CEACMUYECKME BOJIHBI CO BpEMEHEM
BCTYNAeHUA 16.9 ¢ M BTOPMYHbIE aKyCTUYEeCKMe BOJIHbI CO BpemeHeM BCTynaeHuAa 262 c.

5. BubpauyuoHHblie BoAHbI B 03. bailkan

Kaptuna ruapoakycTUdecKMx BOJIH B BOAHOM Tojmie o03. balkan MMeeT CIOXKHBIA XapakTep
BCJIE/ICTBHE BBIPOKEHHOCTH (P (HEKTOB MepeoTpaKeHHid, 00yCIOBIECHHBIX psiioM (akTopoB. OnuH U3
OCHOBHBIX BBI3BaH paclpOCTpPAaHEHWEM BOJIH B BOJI€ C TpaHUIAMU «IHO-Ne». Hamuuue apyrux
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[EPEeOTpaXEHUH O0OYCIIOBIEHO paclpoCTpaHEHHWEM BOJH B IIOJBOJHOM 3BYKOBOM KaHale.
[IpunoBepXHOCTHBIN 3BYKOBOW KaHaj, BIIEpPBBbIE OTKPBITHIM B okeaHe JI.M. BpexoBckux, momydaer
HanboJiee MOHOE Pa3BUTUE NPU 00Pa30BaHUU JICJSHOTO TOKpoBa. [Ipy Hamuuuu JibAa BEIIIE U HIDKE
OCH 3BYKOBOIO KaHasia (y HIXKHEH ITOBEPXHOCTH JIbJja) CO3AAIOTCSI OJIarONPUSTHBIE YCIOBHS VIS
(hOKyCHPOBKH 3BYKOBBIX Jy4€id, C OJJHOW CTOPOHEI, 32 CUET JIbJa, ¢ Apyroi — 3a cuet 200-MeTpoBoTrO
CJIOsI BOJIBI, YTO HAMHOTO JIy4llle, YeM B JICTHHI MepHoA. B ycnoBusax 3uMHEH cTpaTUHUKALUU 3BYK
pacnpocTpassiercsi, pedpparupysi IO JIyueBbIM TPACKTOPHUSIM, ONHUCHIBAIOIUM IYT'H PAa3HOW JJIMHBEL, B
3aBUCHMMOCTH OT yIJIa BbIXOZAA Jyd4a. [[ns MOmenn coCpemoTOYEeHHOrO HCTOYHHKA 3BYKa JIydeBas
KapTHUHa JUIs TIepuoJia BPEMEHM SHBAph-allpellb, PacCUMTAHHAs TEOPETHUYECKH, NpeCTaBleHa Ha
puc.6a [13]. Ha puc.60 mpeacraBieH pe3yjbTaT PETHCTPAlMd BOJH B BOJC Ha YAAJICHUH OT
rctouHmnka 83,96 kM u Ha riryouHe 20 M ¢ TOMOIIBIO CITyCKaeMoro THAPOodOHA.

a)
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PUCYHOK 6: a)- nyyeBan KapTMHA BOMH B 03. baikan; 6)-pe3ynbTaT pernctpaumm BojH B BOAE Ha
rnybuHe 20 M U yAaneHUn oT UCTOYHUKA Ha paccToaHue 83.96 Km.

U3 puc.6a caenyer, 4T0O Jy4H, BHIXOASALINE MO MAJbIMU YIJIAMH CKOJIBKEHHS, PACIPOCTPAHSICH
OT HUCTOYHHKA K NPUEMHHUKY, OTpPaKaroTca OT JbJa. UeMm OosblIe yrojl CKOJBXKEHHA Jyda B
HCTOYHHUKE, TeM IiIyOxe OyZeT HaxXOMUTCsS TOYKA 3aBOPOTa JIiyda M TEM OOJBIIYI0O WHTETPaIbHYIO
CKOpOCTb OH OyZeT UMeTbh. B J1eBoii yacTu prCyHKa NpeICTaBlIeH BEPTHKAIbHBIN NpoduiIb CKOPOCTH
3BYKa IO TIIyOWHE, OTPaXKAIOIIHIA HapacTaHNe CKOPOCTH ¢ TIyOuHoH B npeaenax 1402-1440 m/c.

Pe3ynbrarel 3KCIEPUMEHTOB 1O PETMCTpalliy BOJH B BOJE IMPEJCTaBICHbI B BUAE OTKIMKOB Ha
MOBTOPSIIOIINECS] CEaHChl BUOPAIMOHHOIO 30HAMpOBaHMA — puc.60. M3 aHaiusa pe3yiabTaToB
9KCIEPUMEHTAIBHOM PETUCTPAllMU B BOJAE CIEIYET BBIBOJ O HAJIMYWM MHOTOBOJIHOBOW CTPYKTYpBI
OTKIIMKA Cpelbl B OTBET Ha BHOPAIMOHHOE 30HAMPOBAHHE COJNUTOHHO IOJOOHBIM BOJHOBBIM
uMIyascoM tuna (4). Hapsmy ¢ mpucyTcTBHEM 3/1eCh NEPBUYHBIX CKOPOCTHBIX (IIPOJOIBHBIX) BOJH
Ha BpeMeHax npuxoaa 15.5 cek co CKOpOCTAMH pacHpOCTpaHEHHs CEHMCMHUYECKMX BOJH B 3€MIIC
(oxomo 5.35 kwm/c) 3mech HabrOmaeTcs NPUCYTCTBUE TPYMIBI BOJH KaK Pe3ylbTaTa MpPOSBIICHUS
IIPOLIECCOB MIEPEOTPAXKEHNUI, UTO COINIACyeTCsl ¢ KapTUHOI oI Ha puc.6a.

W3 ananmza pe3ynbTaToOB IKCHEPHMEHTOB IO PErMCTPAallMM BOJIH BO JIbAY CJIEIyET, YTO H3-3a
BIIUSHUS TPEUIMHOBATOW CTPYKTYpHI JbJla MPOMCXOJUT CHJIBHOE 3aTyXaHHE BOJIH B TakoW cpere,
BCJIE/ICTBHE YETO TOJIOKUTEIbHBIE PE3YIbTAThl PETUCTPAIIUH SIBIITIOTCS HEYCTOWYMBBIMHU.
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6. 3aknruyeHue

B pamkax mpobnembl reodusnueckoro MoHUTOpuHra baiikanbckoil pudTOBOH 30HBI HA OCHOBE
YHCJICHHOTO METOAA PELICHUS MPSIMOM U 00OpaTHON 3a7ay U AaHHBIX SKCIIEPUMEHTOB aHAIN3UPYIOTCS
IIPOLIECCHl OAHOBPEMEHHOTO JTAJIBHETO PAaCHpPOCTPAHEHUSI BOJIHOBBIX ITOJICH B CMEXKHBIX TeJIEHJIe IOC.
Babymkun (roro-Boctounas yacte baiikana) — moc. Byrynpaelika (ceBepo-3ananHas yacth baiikana).
Ha ocHoBe mnpuMeHeHHsT HMHTETrpajlbHOro mnpeobOpasoBaHus Jlareppa Mo BpeMEHH M KOHEYHO-
Pa3HOCTHOH ammpoKCHUMAaLK 110 HNPOCTPAHCTBEHHBIM KOOPAMHATAM YHCJICHHBIM MOJCIUPOBAHUEM
paccuMTaHbl MTHOBEHHbIE CHHUMKHM BO BPEMEHH CEHCMHYECKOTO BOJHOBOTO IIOJS,, & TaKXkKe
CHUHTETHYECKHE CeCMOrpaMMBI JUIS 3aJaHHOW Tpacchl 30HIMpOBaHMA. Pemenue obpatHoi 3amaqu
BOCCTAHOBJICHUSI CKOPOCTHBIX XapaKTEPUCTHK Cpelbl MAOCTUIAaeTCs HA OCHOBE IPUMEHEHHS
BBIUUCIUTEIBHOTO CETOYHOI'O aJrOPUTMa, IIOKA3bIBAIOLIETO XOpOIIEee COIjacue pe3yabTaToB
YHCJICHHOTO MOJCIUPOBAHUS U TIYOMHHOI'O CEHCMHUYECKOTO 30HIMPOBAHUS, BBIIIOJTHEHHOTO paHee
PsIOM aBTOPOB B paiioHe 03. baiikai.
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MeTtoabl Knacrepusauum npm aHanmse HagexHoctn 39C

Jlennic Bospkun !, JIvurpuit Kpynenés ’ n Jivurpuii Sxy6osckuii !
I Unemumym cucmem snepeemuxu um. JI.A. Menenmoesa Cubupckozo omoenenus Poccutickoti akademuu HayK,
Jlepmonmosa 130, HUpxymck, 664033, Poccus

AHHOTauuA

B crathe paccmarpuBaeTCs BONPOC KIACTEpU3AIMU dEKTpodHepreTndeckux cuctem (D3C)
Ha 30HBI HAJAGKHOCTHU, KOTOpasl pemaercs Uit (GOPMHUPOBAHKS YHEPTETHUCCKUX PACUCTHBIX
mozenerr DOC. TpaaunmoHHO MaHHAs 337ada pPEIIAeTCs] MPEUMYIIECTBEHHO 3KCIEPTHBIM
00pa3oM ¢ TPHUBJICYCHUEM CIICIIUATICTOB OTpaciu. B cTaThe mpeiaracTcs UCIOIb30BAHUC
METOJIOB ITOMCKa co00IIecTB B rpadax A peueHus 3a1aun knactepusanun 99C, a UMEHHO
merox Jledinena. B skcriepuMeHTaIbHON YacTW MPEACTaBIEH Pe3ylbTaT €ro MpUMEHEHHS,
BKJIFOYAsi METOJ] 0OHapyKeHUs cooOmecTB B rpadax as popmupoBanus DPM o0bequHEHHOM
sHeprocucteMsl Cubupu.

KnioueBble cnosa
DJIeKTpoIHEpreTHIecKas cucTeMa, OalaHcoBash HAIEKHOCTh, 30HA HaJ&KHOCTH, METOIbI
oOHapyXeHHs coolIIecTB B rpadax, meton Jleinena.

1. BeBepeHue

OnekTposnepreruueckre cucteMbl (39C) MpPeACTaBISAIOT COO0H CTPYKTYpPhl B3aMMOCBS3aHHBIX
3JIEMEHTOB, YUCIIO KOTOPBIX MOXKET AOCTUTaTh COTEeH Thicsad [1]. st aHann3a 6anancoBOi HaAEKHOCTH
99C [2-4], TpaIULIMOHHO, UCTIOIB3YIOT METOIAMKY, OCHOBaHHYIO Ha MeTo/ie MonTe-Kapio [5], koTopas
SBIISIETCS. HanOoJIee BHIYUCTUTENBHO d((PEKTUBHOMN MO0 CPaBHEHUIO ¢ APYrUMH mojaxoaamu [6]. Ilpu
OLIeHKEe 0anaHCOBOM HAAEKHOCTH BO3HUKAIOT BBIYUCIHUTEIbHBIE TPYIOHOCTH, CBA3aHHBIC C BBICOKOM
pa3MepHOCThIO aHaMU3upyeMbIXx DIC. JI71s CHIKEHHUS CIOXKHOCTH 3aJa4y IPOBOJIUTCS KacTepu3alus
339C Ha 30HBI HaAGKHOCTH U (OpPMUpPOBaHWE SHEPTETHUECKHX pacu€THRIX Mojened (JPM).
PaznuuHoro poaa moaxoasl K KiIacTepU3alliy yxe pa3padaTbIBAIMCh APYTUMU HCCIIEAOBATEISIMU [7,
8], HO paHee HEe NMPUMEHSUIMCH B 3aJadax OamaHcoBOW Haa&xHocTU. llpu KmacTepuzauuum BHYTpU
MOJy4aeMbIX 30H HaA&xkHOCTH DDC HE YUMTHIBAIOTCS CETEBBIE OIpaHHYCHUS, clabo BIMSIOMIME HA
nokazarenu O0anancoBoil HaaéxHocTH. ©opmupoBanne DPM, kak mpaBWIIo, MIPOBOJUTCS JO OLECHKH
OanmaHcoBoil HanE)HOCTH, U chopmupoBaHHass DPM mnpuHMMaeTcs HEM3MEHHOHN JJIsl BCEro mepuoza
OLIeHKH 0aJlaHCOBO HaEKHOCTH.

Celiuac B MpaKkTUKE OICHKH OaJaHCOBOM HAAEKHOCTH CYIIECTBYIOT pPa3JIM4HBIE METOJbI
knacrepuzanun O9C. B OCHOBHOM 3TH METO/AbI OCHOBaHBI JIMOO Ha 3HAHUAX KCIEPTOB, JTHOO Ha
YIOpPOLIEHHOM aHaju3e OanaHcoBoil curyauuu B JC. Llenbto 3TOH cTaThu ABISIETCS MIPEACTABICHUE
MeTo Ky Kiaactepusanuy D9C Ha 30HbI HAJEKHOCTH, UMEIOIIEH MaTeMaTHUECKYIO (hOpMalIN3alltIo.

2. Knacrepusauma sneKTpoaHepreTM4eckom CUCTeMbl Ha 30Hbl HAAEKHOCTH

3amaya knacrepuzanuu IDC Ha 30HBI HAAEKHOCTH (HOPMYIUPYETCS CIEIYIOIUM 00pa3oM: s
M3BECTHOU CTPYKTYphl DDC, XapaKTePUCTUK TEHEPUPYIOIIUX MOIIHOCTEH U TpaduKOB MOTPEOICHUS
MOIITHOCTH, OTPAHWYEHUN TIPOMYCKHOW CIIOCOOHOCTH JIMHUN 3JIEKTpONepesayl W CEUYCHHH
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DJICKTPUYECKOW CETH, OPTaHWU3aIMOHHO-DKOHOMUYECKHX yCIOBHHA (yHKIHoHUpoBaHus D3C
HeoOxonumo onpeaenuts rpanunsl 3H mis popmuposanust OPM u ganbreieit onenku bH.
MaremaTtnyecku 3aaauy kiaactepuzaumun O9C Ha 3H MoxHO CHOpMYTUpOBaTH CIEIyIOIIUM
obpaszom: 3amano X = {xq, X5, ..., Xy} — MHOXECTBO y3JIOB pacueTHOi cxeMbl DIC, 3aaHHbIX B k —
MEpPHOM MPOCTPAHCTBE MPH3HAKOB:
xk = {xf, x%, LxfL k=1, K. (1)
Mexay ys3namu pacdetHoH cxembl DOC cymiecTByeT (QYHKIUS paccTosHUs (MeTpuka) p(x).
Crenyer moHMMaTh, YTO (YHKIHH PACCTOSHUS HE SIBISIFOTCS MPSAMBIM PACCTOSHHEM MEXAY y3JIaMu
pacueTHOM cxeMbl. DYyHKIMA paccTOSHUS (QOPMHUpPYETCS M3 KOMIUIEKCa PadO4YMX XapaKTEpUCTHK
SHEPrOCHUCTEMBI, YIUTHIBAEMBIX TTpH KiacTepuzanun 29C.
TpeOyercst pa30UTh KOHEUHYIO BBIOOPKY y3JI0B pAacUYeTHOW cxeMbl X Ha Z HE MepeceKaroIiXcs
MOJIMHOXKECTB:
S,z=1,..,Z; X =UZ%_,S,, (2)
koTopeie oOpazytor 3H Z, Takum o6paszom, uto kaxaas 3H BKiIrowaeT y3mbl, y KOTOPBIX METPUKA P
MEHBIIIE TOPOTOBOT0 3HAUYCHUSI, B OOpaTHOM CiIydae y3ibl COpTHpYIOTCs B pa3Hble 3H.
ITpu sToM KaxoMy y3i1y X; € X IPUCBAUBAETCS HOMED 30HBI HAJIEKHOCTH Zj € Z.

3. ®opmupoBaHue 3PM c wmucnonb3oBaHMEM METOAOB Kaacrepusauum B
rpadax

Juis makcumansHO 3QQeKTHBHOTO (OBICTPOTO U TOYHOTO) pelleHns 3a1a9u kinactepusaun 20C Ha
30HBI HAAEKHOCTH U (popMmupoBaHuss DPM HeoOXomuMo pa3paboTaTh MOAXOJ, KOTOPBIA Oyaer
MaKCHMaJIbHO [TOJIHO OTpa)KaTh BIMIONINE KPUTEPUHU U orpaHuueHus Ha ypoBeHb bH 93C u no3onut
JNOCTaTOYHO OBICTPO M aJalTUBHO MNPOBOIUTH KiacTepuzanuio OOC B mporecce MpOBEICHUS
uccnenopanuid. [lpu ¢opmupoBanuu anroput™a kiactepusanuu 299C Ha 30HBI HaJEKHOCTH
HEOOXOIUMO TONYyYuTh GYHKOUIO a:X — Z, KoTopas Kaxablii y3en X € X BKJIIOYAeT B 30HY
HaJa&XHOCTU Z € Z. B paccmaTpuBaeMOM ciydyae MHOXKECTBO Z, T.€. KOJMYECTBO 30H HAaAEKHOCTH,
HeomnpeneneHHo. ONTUMalnbHOE YHCIO 30H HAAEKHOCTH HEOOXOAMMO ONpeNeNuTh B IpoLecce
BbIuucieHnd. CTOUT OTMETHUTD, YTO, KaK ¥ B JIIOOOM MpUMeEpEe KIacTepU3alliy, I periaeMoi 3a1a4uu
cripaBejInBa TeopemMa HeBo3MoxkHOcTH KiteliHOepra, B KOTOpOH yKa3bIBaeTCs, YTO HE CYIIECTBYET
ONTUMAJIBHOTO aIrOpUTMa KiacTepu3auuu. Kaxplii IpUMeHsseMbIH anropuT™ OyleT BHOCHTH CBOIO
cnennpuKy B KOHEYHOE pelleHne. JTo OyaeT 3aBHCETh OT BBIOPAHHOTO KPHUTEPHUS U METPUKH
KJIaCTepU3aLINH.

B nanHOM ciydyae MeTpuKa KiIacTepU3allMy JOJDKHA BKJIIOYATh KaK TEXHUYECKUE, TaK MU
SKOHOMMYECKHE MPHU3HAKU. MeTpHuKa JOJDKHa MaKCUMalbHO OTpakaTh creuuduky padorsl 33C u
BIIUSHUE YYMTHIBAEMBIX NPU3HAKOB Ha KJacTepu3aluio. B kauecTBe Mepbl pacCTOSHUS (CTENeHU
MOXO0XECTH) MOXKET OBITh MCIIONB30BaHA OJIHA U3 CIEAYIOLINX METPHK — €BKIMJOBO PACCTOSHHUE MJIH
€ro KBaJpaT, MAaHXITTEHCKOE pacCcTOsIHUE, paccTosiHue YeOpleBa, CTEIEHHOE PacCTOsSHHUE U IP.

4. 0630p anropuTMOB KNnactepusaumum gaa peaemoin 3agaum

Hanmume B3auMocBsizeil MeXAy KIAaCTEPU3yeMbIMH OOBEKTaMH 3HAYUTEIHHO BIHMSIET Ha
[OJTy4aeMBbIid pe3yNbTaT M HaKJIaAbIBacT OINpeneieHHble orpaHuuyeHus. CymecTBYeT MHOXKECTBO
METOAOB Kiactepuzauun Ha rpadax [9-11], koTopsle MOTYT OBITH UCTIONIB30BAHbI B PAMKaX CETEBOTO
aHaJM3a.

MeTtoap! Knactepu3anuy B rpadax MOXKHO pa3fefuTh Ha HECKOJBKO TPYMI, B 3aBUCUMOCTH OT
HCIIOJIb3YEMBIX aJITOPUTMOB U TIOJIXO0B:

1. Meroab! Ha OCHOBE CXOJCTBA: DTU METOABI ONPEEIIAIOT KJIACTEPhl HA OCHOBE CTEIIEHH CXOJCTBA
MEX]ly BepiiuHaMu rpada. B Takux Merosilax MOTYT UCTIONB30BaThCs Pa3InIHbIe METPUKU CXOJICTBA,
HalpuMep, KOCUHYCHOE CXOZCTBO WK EBKINIOBO pacCcTOSIHUE.

2. MeToasl Ha OCHOBE PACCTOSIHHUA: DTH METOBI ONPENCISAIOT KJIACTEPhl HA OCHOBE PACCTOSHUS
MeX]y BepiuHaMu rpada. B Takux MeToax MOryT UCIIONB30BATHLCS Pa3IMUHbIE METPUKH PACCTOSHUS,
HaIpuMep, EBKINI0BO PACCTOSHUE MU PAacCTOSIHUE MaHX3TTEHa.
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3. Metoasl Ha OCHOBE MOJENIU: DTU METObI ONPENEIIIOT KIacTepbl HA OCHOBE BEPOSITHOCTHOM
Monenu rpada. Takne MeToasl MOTYT MCHOJIB30BaThCA Ui KilacTepu3aluud TpadoB C OOJIBIIUM
KOJIMYECTBOM BEPIIVH H/UIH pedep.

4. Metonsl Ha OCHOBE TpadoBON CTPYKTYpPHI: DTH METOJBI OMPEAEISAIOT KIacTephl Ha OCHOBE
CTPYKTYpHI Ipada, Takoil Kak INIOTHOCTh Tpada, HeHTPaIbHOCTh BEPIIUH U T.J.

Kaxxnas rpymnma MeTogoB HMeeT CBOM PEUMYIIECTBA M HETOCTATKH, ¥ BBIOOP KOHKPETHOTO METOa
3aBHCHT OT 331a4M U CBOICTB Irpada, KOTOpbIH HE00XOAUMO KIaCTepU30BATh.

Hexotopeie u3 Hanbosee pacnpoCTpaHEHHBIX METOAOB KIacTepU3allMM Ha Irpadax BKIOYAIOT B
ceOst:

Knacc metonos pa3dueHus:

1. Merox k-cpennux [10] — 370 omH M3 Hamboee MOMYJISIPHBIX METOAOB Kiactepu3armu. OH
OCHOBaH Ha pa3JeliCHHH BEepLIMH rpada Ha 3aJaHHOE YUCIIO KJIACTEPOB, TAK YTOOBI MUHUMHU3UPOBATh
CyMMY KBaJIpaTOB pPacCTOSHUI MEXIy BepIIMHAMHM M LEHTPOMAaMHU KiactepoB. Metoa k-cpeanux
MO>KHO PUMEHSATH, KOI/1a CBOIICTBA BEPILUH SIBJISIFOTCS YUCIOBBIMH MJIM KOTJa MOXHO ITpeoOpa3oBaTh
UX B YHCIIOBBIE.

2. Merton kpatuaiiiiero myTtH [11] - B 3ToM MeTozie KiacTephl CTPOSITCA Ha OCHOBE PACCTOSIHUN
MEX[y BEpUIMHAMHE Tpada.

MeTo/1p1 HepapXuUecKoi KitacTepu3anuu [ 12] — 3To Kilacc MeToA0B, KOTOPBIE MTO3BOJISIOT CO31aBaTh
HepapXUUECcKyI0 CTPYKTYpY KiactepoB. [IpencraBinsier coboit Hanbomee MMUPOKUH KIacec METOAO0B. DTH
METOABI MOTYT OBITh HCIIOJB30BAaHBI JUIS KJIAacTepU3alMU BEPIIMH rpada HA OCHOBE HX CBOWCTB,
nepapxuuecku 00beanHss Onmu3Kue BepuHbl. O0mas uaest METOJ0B JaHHOW IPYIIIBI 3aKIIH0YACTCS B
MOCTIEIOBATEIbHOW HMEPapXUUeCKOW AEKOMIIO3UIIMM MHOXKECTBa OOBEKTOB. B KauecTBe yCIOBHSA
OCTaHOBKM MOXKHO HCIIONIb30BaTh MOPOTOBOE HYHUCIO KJIACTEPOB, KOTOPOE HEOOXOAWMO IOIYYHUTH,
OJHAKO OOBIYHO MCHOJB3YETCS IIOPOroBOE 3HAUYEHHE PACCTOSIHUS MEXIY Kiactepamu. PaccMorpum
HEKOTOPBIE U3 HEPAPXUIECKUX METOMIOB.

1. Meton JlyBena [13] — B 3TOM MeToJe BepIIMHBI Ipada MOCTEIEHHO OOBEIUHSIOTCS B
KJIacTepbl, YTOOBl MaKCHUMH3MPOBaTh BHYTPHUKIACTEPHYIO CBSI3HOCTh W MHUHHMHU3HUPOBAThH
MEXKJIACTEPHYIO CBA3HOCTb.

2. Meton Spectral Clustering [14] — 3TOT MeTOJ OCHOBaH Ha aHaIW3¢ COOCTBCHHBIX 3HAYCHHI
MaTpHIIBI CMEKHOCTH rpada 1 Mo3BoJsieT pa3duBaTh rpad Ha KJIACTepbl HA OCHOBE €0 CTPYKTYPHOM
nH(pOpMAIUH.

3.  Metox Edge Betweenness Clustering [15] — 3TOT MeTOI MCHONIB3YET MEPY MEXKKIACTEPHOM
CBSI3HOCTH MEX]y IICHTPaJbHBIMU BEPIIMHAMH JJIs1 pa3ziesieHus rpada Ha KIacTepsl.

MerToabl Ki1acTepu3alyd Ha OCHOBE IUIOTHOCTH — 3TO METObI, KOTOPhIE OCHOBaHbI Ha aHAJIM3€
IUIOTHOCTU pacHpeAeseHus] BepIinH rpada B MpocTpaHCTBE cBOMCTB. OHUM MOTYT OBITH OCOOEHHO
MOJIE3HBI, €CJIM BEpIIMHBI Tpada He SBISIOTCS YUCIOBBIMH, M HE MOTYT OBITh IPEOOPA30BAHBI B UUCIIA.

Takke MOYKHO HCITIOJIb30BaTh CETEBbIE METO/bI aHanm3a [16-19] mis kiactepusanuu Ha rpadax.
CeTteBble METOBI — 3TO MOJAXOJ K aHAJIM3Y JAHHBIX, OCHOBAaHHBIM Ha MIPEJCTABICHUH JAaHHBIX B BUJIE
cerel Wi rpadoB, YTO UMEET HICHTUYHYIO CTPYKTYpYy. OO1Ias ujiest METOIOB 3aKJIF0YAETCsl B TOM, UTO
MPOCTPAHCTBO 00BEKTOB Pa30MBaETCsl HA KOHEYHOE YHCIIO STYeeK, 00pa3yoIiX CETEBYIO CTPYKTYPY, B
paMKax KOTOPOH BBIIOJHSIOTCS BCE ONEPALlMK KJIacTepH3aunu. 1 1aBHOE TOCTOMHCTBO METO/I0B 3TOM
IPYIIBI B MaJIOM BPEMEHH BBIIOJTHEHUSI.

OmHUM W3 CaMbIX HCIIOJNB3YEMBIX alTOPUTMOB OOHApYKEHHUS COOOIIECTB B Tpadax sBIiseTCS
anroput™ JlyBena [13]. AHann3 JIUTEpaTypHBIX WCTOYHHKOB IMOKAa3aj, YTO JIS pemIaeMod 3adadu
HauOoJee MoaXoAsMIuM siBisiercst anroputm Jleinena (Leiden) [20].

5. Knacrepusauma 33C Ha 30HbI HAAEXKHOCTU C UCNONIb3OBAHUEM ANTOPUTMA
NenpeHa

Anroput™ Jlelinena — 310 anroput™M oOHapy)eHus cooduiecTs B Oonbinux ceTsix. Meron Jlelinena
SIBJISIETCS. MTEPATUBHBIM AJITOPUTMOM U pa3zesisieT Y3Ibl Ha HelepeceKaronuecs: KIacTepbl, YTOObI
MaKCHMHU3HPOBATh IT0KA3aTENNb MOAYJISIPHOCTH JUI KaXK0T0 KiacTepa. MoaynsipHOCT KOTMYECTBEHHO
OINpEENsAeT KaueCTBO Ha3HAUYEHUs Y3JI0B KJACTEpaM, TO €CTh HACKOJBKO IJIOTHO CBS3aHBI Y3NBI B
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KJIACTEpE M0 CPaBHCHMIO C TE€M, HACKOJBKO OHM ObUIM OBl CBSI3aHBI B CIIydalHOH CETH. AJTOPUTM
JleliieHa cOCTOUT M3 TPEX OCHOBHBIX 3TAIMOB:

1) JlokanpHOE TepeMelleHHWe Y3JI0B B KJacTepbl, OCHOBaHHOE Ha 3HAYCHHUU
MOJYJIIPHOCTH (METPHKH), KOTOPAs OTPEAEISeTC S, KakK:
1 kik; 3
= - 2ij(Aij —5.)8(ci, ), )

rie: A;; —Bec pebpa, 00pa30BaHHbIH B COOTBETCTBHH C UCTIOJIB3yEMBIMHU NIPU3HAKaMu; k; 1 kj — cymma
BECOB pebep, IPHCOEMHEHHBIX K y311aM [ 1 J; ™ - CyMMa BCeX BECOB pebep B rpade; ¢; U ¢j — KIIacTephl;
§ - nenpra-pynkius Kponekepa.

5 L =g¢ 4
G {0 ¢ #¢’ 4
st onipeenieHus MOAYJISIPHOCTH KJlacTepa ¢ MPUMEHSETCS CIeAYIOIIEe BhIPaXKEHUE:
__Yin Y tot
Qe =5 -~ G5 (5)

2m
rae: Y, in — 370 cyMMa BecoB pebep MeKIy yanaMH BHyTpH Kiactepa ¢ (Kaxmoe pedpo yIUTHIBAETCS

JBaX]Ib1); Y, tot — CyMMa BCEX BECOB pEOep JUls y3JI0B BHYTPHU KJIacTepa.
B urepanuonHoM mpoliecce MpOUCXOIUT MepeMeIeH s Y3JI0B U3 OHOT0 KiacTtepa B Apyrou. s
Ka)XJIOr0 BapHaHTa MepeMELICHUs paCCUUTHIBACTCS pa3HULIA MO,Z[yanHOCTeﬁ AQ:

AQ _ (Zm+2klm _ (Ztot+k1) ) Zm (Ztot) ( ) ) (6)

Ha ocHoBanmm Hawiydmiero pesynibTara COOTBCTCTBYIOHII/II/I y3el  3aKperuisiercss  3a
COOTBETCTBYIOUINM KJIACTEPOM.

2) YTo4HEHHE KIIaCTePOB, 2 IMEHHO WICHTU(UKAINS KIACTEPOB, IPEITIOKEHHBIX Ha TIEPBOM dTarre.
KrnacTepsl, mpeioxkeHHbIE Ha TIEPBOM dTale, MOTYT Pa3esaThcs HAa HECKOJBKO KiactepoB. Paza
YTOUHEHHsI HE CIeNyeT JKaAHOMY MOAXOJY U MOXET OOBEAMHUTH y3ell CO CIy4aiHO BBHIOPaHHBIM
KJIACTEpOM, YTO yBENWYHMBaeT (PYHKIHIO KadyecTBa (MOIYMSPHOCTH). DTa CIIy4alHOCTH TO3BOJISET
0oJIee MIPOKO PACKPHITH MPOCTPAHCTBO KIlacTepa.

3) Arperaius v TOBTOPEHUE 3TAIOB 1 1 2 10 TeX Mop, OKa Ka4eCTBO MepeMEIeHUS U 00beTMHEHUS
Y3JI0B HENb3sI OyAET MOBBICUTD.

6. JKcnepumeHTa/IbHble Uccieao0BaHuUA

st onienku paboTh! anropurMma Jlelaena npeiaraercs BEITOJHUTD 3KCIIEPUMEHTAIbHBIE PacuEThl
Ha TectoBoii cxeme ODC Cubupu, npeacTaBieHHOH B BUjae rpada, B KOTOPOM Kaxkias U3 BEPIIHH
XapaKTEPU3YyETCs MAKCUMAIIBHON 1 MUHUMAJIBHOM MeHEpaLueil 1 Harpy3KoH, TMHUH XapaKTepU3YIOTCs
JUIMHOHN U HanpspkeHueM. Pesynbratel kiactepuzaund OOC CubupH Ha 30HBI HAAEKHOCTH 110 y3J1aM
MIPEACTABJICH HA PUCYHKE 1.
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PucyHok 1: Knactepmsaums O3C Cubupu Ha 3H Ha OCHOBaHWKM NpMMeHeHUs anroputma fleligeHa (no
y3nam)

PesynpTat, npencraBieHHbIH B rpaHuax reorpaMuecKux pernoHOB yKa3aH HA PUCYHKE 2.

reowa |
|

&

PucyHoK 2: Knactepusauma O3C Cnbupm Ha 3H Ha ocHOBaHMM NpUMeHeHMA anroputma JleligeHa (c
reorpaduyeckoi NpuBA3KON)

7. 3aKknwueHue

B nmpencraBieHHOM HCCIEOBaHHMHM pAacCMOTPEH 3ajqada (OPMHPOBAaHUS DHEPreTUYEeCKUX
pacdyeTHbIX MOJeNeH, KOTOpble HCIONBb3YIOTCS IpH  OLEHKe OaJaHCOBOW  HAA&KHOCTH
JJIEKTPO’HEPTeTUYECKUX CHCTEM. B paMKax HacTOSILIEro HCCIENOBaHUS NPEIJIOKEH alfOpPUTM
Jleiinena, kak oJTUH U3 HauboJee MOAXOAAIINX CIIOoco00B KinacTepuzanuu IIC Ha 30HBI HAIEKHOCTH.
[To pe3ynbraTy BBIMOJHEHHBIX YKCIEPUMEHTAIBLHBIX PACYETOB OBLIO MOKA3aHO, YTO MPEIOKEHHBIH
BBIYUCIUTEbHBIA TOAXO0J TO3BOJISIET BBHIIOJNHATH ONpEACTCHHWE 30H Haa&KHOCTH ONTHUMAJIbHBIM
00pa3oM, BBICBOOOK/asi 3HAUMTENNbHBIE BpeMEHHbIE pecypchl. Panee ompeneneHne 30H HaAEKHOCTH
BBIMOJTHSUIOCH SKCIIEPTHBIM CIIOCOOOM TIPEJIIIECTBYS BHIMOIHEHHIO OIICHKH 0alaHCOBON HaJIE&KHOCTH.
C nomoupio anropurMa JlelieHa CTaHOBUTCS BO3MOXHBIM OIpeeNIeHHE 30H HaJl&KHOCTH BO BpeMs
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BBITTOJIHEHHUS COOTBETCTBYIOIUX PACYETOB, YTO 3HAYUTEIBHO ynoOHee W ObIcTpee W He Tpedyer
MIPUBJICYCHUS SKCIICPTOB B 00JIACTH.
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Abstract

B nmanHO# cTaThe TPUBEACHO OMUCAHUE MPOIEcca COMPOBOXKIACHUS Pa3BUTHS KOMIETCHIIUH
YYUTENIeH Ha OCHOBE MHIMUBHIYaTbHBIX 0Opa3oBaTeIbHBIX MapHIPyTOB, PEaIM30BAaHHOTO B
aBTOMATU3UPOBAHHON WH(POPMAIMOHHOW cucTeMe. IIpencTaBieHbl TEXHOJIOTHUECKHE
0COOCHHOCTH peai3allii JTaHHOTO IMpolecca, a Takke 0003Ha4YeHbl MPOOIEMHbIE 00JIACTH
JUIST JABHERIIIETO €r0 UCCIIEIOBaHMS.

Keywords
PaSBI/ITI/IC KOMHGTCHHHﬁ, peKOMeHI[aTeJII)HaH CHUCTEMA, aBTOMaTI/ISI/IpOBaHHaH
rH(pOpMAIMOHHAsI CUCTEMA, TIPOIIECC CONPOBOKIACHUS

1. BeepgeHue

[loBpimerne KBaMUGUKAIMK YYHUTEJIeH Ha NPOTSHKEHWH TIOCIETHUX JIeT TIpeTeprieBaeT
3HAYNTEIFHBIE I3MEHEHNS, MEHAIOTCS TIOIXObI, YIaCTHUKH W TIOBBIIIAETCS €0 TEXHOIOTH3AIUS. DTO
CBSI3aHO C psAAoM (PaKTOPOB, MPEXKIE BCEro, C MOBBINICHUEM IHMHAMHUKH U3MEHEHUS COJCpKaHUS U
TEXHOJIOTHH  O00pa30BaHWs, AaKTHBHBIM pa3BUTUEM  «CKBO3HBIX»  HANPAaBICHHN  pPa3BUTHA,
3a(UKCHPOBAHHBIX PA3IMIHBIMH CTPATETHUYESCKHUMH TOKyMEHTaMH B cdepe o0mero odpa3oBaHUS.
Hapsiny ¢ nmonoxurenbHbIMU 3 deKkTamu HaOMI0Jar0TCs U MPOoOIeMbl, BO3HUKAIOIIUE B PE3yJIbTaTe
JUHAMUYHOTO TOBBIIICHUS] MH(QOPMAIMOHHON HACHIILIEHHOCTH TMPOCTPAHCTBA MPOQECCHOHANBHOTO
negarorudeckoro obpazopanus. Cpeam HHUX CHIDKEHHE YPOBHS C(OPMHPOBAHHOCTH BHYTPEHHEH
MOTHBAIlMU K COOCTBEHHOMY HPO(eCCHOHATFHOMY Pa3BUTHIO y PaOOTHHUKOB CHCTEMBI 00pa3oBaHHA,
HeI[OCTaTOHHOﬁ CTCIICHU MOAACPIKKHU II€AAroroB CO CTOPOHLI METOJUUCCKUX C.]'Iy)K6 )41 pa6OTOI[aTCH$1 B
YCIOBUSIX OTCYTCTBHS A(h(DEKTUBHBIX CPEJICTB HABUTHUPOBAHHMS B JAHHOM IIPOCTPAHCTBE.

Janrnbie mpobiaembl 23 GEKTUBHO PEIIAIOTCS «B PYYHOM PEKUMEY ITPH MAJIOM KOJTMYECTBE yIuTeNe
U KOJUIGKTUBOB, MPOQPECCHOHAIBHBIA YPOBEHb KOTOPBIX HEOOXOIUMO TOBBICUTh. B  ciydae
HEOOXOIMMOCTH OpraHU3alMid MPOQPECCHOHANBFHOTO Pa3BUTHS OONBIIMX TPYNI TaKUX PaOOTHHKOB
TpeOyIOTCSI TEXHOJIOTHH, MO3BOJSIONINE pellaTh JaHHBIe TPOOJIEeMBl B 3HAYUTENHHON CTETeHH
ABTOMAaTHU3aIMH 32 CYET COBPEMEHHBIX TEXHOIOTHA [4].

[IpencraBnenHslil ganee npolecc BHEAPEH U aipoOupyeTcsi B perHOHaIbHON aBTOMAaTU3UPOBAHHON
nH(pOpMaAIMOHHOW cucTeMe iom.iro38.ru. [laHHas cucreMa BBelE€HAa B OIBITHYIO OSKCILIyaTaIHIO
ocerpio 2022 rTOma B TOCYAAapCTBEHHOM aBTOHOMHOM  YUYPSKICHHH JOIOJHHUTEIHLHOTO
npoeccuoHaNbHOTO oOpa3oBanus Mpkyrckoit obmactu «HCTUTYT pa3BuTHs 00pa3oBaHUS
UpkyTtckoit obmactu». 3a BpeMs OIBITHOW OJKCIUTyaTallUH CUCTEMBI €€ BO3MOKHOCTSIMU
BOCITOJIb30BaNIOCh Ooiree 2000 yumreneii perroHa. OIBIT SKCINTyaTallud IEMOHCTPUPYET €€ BBICOKYIO
S3HAaYUMOCTD JJId PECIICHUA aKTyaJIbHBIX 3a1a4 FOCYIIapCTBeHHOﬁ IIOJIMTUKU B C(bepe pa3BUTUA O6HICFO
obpazoBanusi [1], a TakKe YJOOBJIETBOPEHHMS YAaCTHBIX OOpA30BATENBHBIX 3alpPOCOB OTAEIBHBIX
YUYUTENEH.
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2. Ycnosua npo¢deccMOoHaNbHOro pa3BUTUA yuutenei

Kak Oputo orMedeHo BbBIIIC, YCHCIIHOCTL Pa3sBUTHA KOMHGTCHHI/Iﬁ YUUTECIIA 3aBUCUT OT €Tro
MOTHBAIIMOHHOTO COCTOSIHUSI, CTETICHH BOBJICYEHHOCTH PabOTOAATEINST M METOAMYECKOM MOIIEPKKH.

Camoii cnoxxHOW W ciabodopmanu3zyeMoil mpoOieMoll B JaHHOM cCiydae sBIsieTcs paboTa ¢
MoTHBaIed. B oTnmane or KoMMepdeckor cdepsl, TIe OCHOBOW pabOThI ¢ MOTHUBAIMEH SBIISCCTS
BBISIBIICHHE KITIOEBBIX MMOKa3arenel 3(pHEeKTHBHOCTH, B JESITENbHOCTH YUUTEIIeH 3TH MMOKa3aTeIH 4YacTo
He 0003HaueHbI KOHKPETHBIM 00pa30M, He HOCAT CUCTEMHBIN XapaKTep.

C TOuKHM 3peHus IpeaIMeTa PAaCCMOTPEHUS JaHHOM IIyOIUKaIMY Ba)KHO OTMETUTb, YTO OH MPSIMO HE
BIMSET HA BHYTPEHHIOIO MOTHBAIMIO yuHuTened K 3QPeKTHBHOMY NpodecCHOHATBHOMY pa3BUTHIO,
OJIHAKO, CIIOCOOEH IMOBBICHTH yIOOCTBO JaHHOTO MPOIEcca, NPEAOCTABIATh MEAarory pecypcehbl A
TAKOT'O PAa3BUTHUS B HY>KHBIII MOMEHT BPEMEHH.

Bxmrouenne B JaHHBIA TIPOIIECC PECYpCOB M 3ampocoB  paboTojaTesns, PpPyKOBOIUTEISI
00pa3oBaTeNbHON OpraHu3aluy, 4ed COTPYAHHUK HYXKIAeTcs B MPOPECCHOHAILHOM pa3BUTHUA —
HeoOXoauMoe ycJoBUEe MNOBbIMICHHA 3(deKkTuBHOCTH NPO(EeCcCHOHATBHOTO PA3BUTUS YUUTEICH.
PaGoTomarens B TaHHOM IpoLecce SBISIETCS B 3HAYMTENBHONW CTETIIEHH 3aMHTEPECOBAHHBIM JIMIIOM.
Hmenno paboToaarenb, OCYIIECTBIIsIs o0lIee ynpaBieHHe OCHOBHBIMU HAIIPABICHUSIMH e TCILHOCTH
00pazoBaTeNbHON OpraHNu3allH, YIIOJIHOMOUYEH ONPEACIIAT MOJUTHKY B 00JacTH POoQecCHOHATEHOTO
pasBUTHS IIE€AAroroB, CTaBUTh HMHIMBHIyaJbHble M KOMaHIHbIC OOpa30BaTENbHBIC LEJNU IEpex
kosutektuBoM. O0anas BCeM JOCTYIHBIM HA0OpOM HMHGpOpMAIMK O ACITCIBHOCTH 00pa30BaTEIbHON
OpraHu3alry, TOJBKO PYKOBOAWUTENh MMEET BO3MOXXHOCTH NPUHHMATh OOBEKTHBHBIE DPEIICHUS O
HEOOXOIMMOCTH TOBBILICHUS KBATM(HUKAIUN PAaOOTHUKOB 10 Pa3JIMUHBIM HAIPABICHUSAM, OIEPUPYS
Bcell 3TON wWH(pOpMaIMeil B COBOKYHMHOCTH. B cBoro ouepens, moipazymeBaercsd, YTO JaHHOE
yTBEpKACHUE CHPABEIIUBO IIPH YCIOBUH AOCTATOYHOTO YPOBHS CPOPMUPOBAHHOCTH Y PYKOBOIAMTEIS
HaBBIKOB YNPABJICHHUS Pa3BUTHEM NPO(ECCHOHATIBHBIX KOMIICTCHUUH COTPYAHUKOB WM HAINYMS
KBATH(PUITUPOBaHHOK hr-ciryx0b1. OueBHIIHO, YTO W TIEpPBOC M, TeM Oojiee, BTOPOE YCIOBHE B
HEIOCTATOYHOM CTETIEHU IPEICTABICHEI B CHCTEME 0011Iero 00pa3oBaHus [0 OO BEKTHBHBIM IPUYHHAM.

OxazaHue METOAMYECKOW TOJAEPKKM B  BONPOCAX  MOBBIIEHHS  MPOeCcCCHOHATBHON
KOMIIETCHTHOCTH — HE MEHEee BaKHbIH ()aKTOp MOBBIMICHHA 3PQPEKTUBHOCTH NAHHOTO IpoLecca,
KOTOpBIfI YCIOXHACTCA IIOCTOAHHBIM H3MCHCHHUEM 3HAHNEBO-TEXHOJOTHYECKOM COCTaBH’IIOH.[efI
npoecCHOHAIFHON  JIEATENbHOCTH — yUHUTENEH. ObecnieueHne METOAWYECKH OOOCHOBaHHOTO
HaBUTUPOBAaHUS PabOTHHKA BO MHOXKECTBE HAINPABICHUIl M aclEeKTOB Pa3BUTHs 00pa30BaTENbHON
MOJIMTUKU, U3MEHAEMOM IPEIMETHOM COJEP)KAHUM II03BOJISIET KOPPEKTHO M BOBPEMS BBIIBIATH U
HUBEIUPOBATh €ro npodeccroHanbHbIC 3aTpydHEHHUs. B To ke BpeMs BaXXHO OTMETUTh, YTO B
HacToslliee BpeMs B HAIllell CTpaHe CHCTeMa METOAWYECKOH padOThHl ¢ mejaroraMu B 3HaYMTEIbHON
CTEIICHH YTpaTwia CBOM (PyHIaMEHTaJbHbIC BO3MOXKHOCTH, 4YacTO HE CIIOCOOHA OIEpaTHBHO U
KOMIIETEHTHO J]aTh OOpPaTHYIO CBS3b Ha JII00O0M Mearornyeckuif 3ampoc.

Takum 00pa3zoM, CpaBeIUBO 3aKIIOUUTh, YTO 3PPEKTUBHOCTH NPO(ECcCHOHATBLHOTO Pa3BUTHS
yuuTene BblpakaeTcs B COAJIaHCHUPOBAHHOCTH BHEIIHMX M BHYTPEHHUX (DaKTOPOB, KOTOpBIE
MO3BOJISIFOT CBOEBPEMEHHO BBISBISITH POPECCHOHANBHBIE 3aTPyIHEHNUs, (POPMHPOBATH HA HX OCHOBE
aKTyaJIbHBIA 00pa30BaTEeNbHBIN 3apoc M BHIMOMHATH ero. [Ipouecc nmpodeccrHoHaaIbHOTO pa3BUTHUS
JOJDKEH OIpENeNsTbcd HE TOJBKO BHYTPEHHHMH MOTHMBAaMHM OTAEIBHO B3SITOT0 pabOTHHKA, HO M
HOJUIEXKATh YIPABJIECHUIO U3BHE pab0OTOAATENIEM U ObITh 00eCIIeYeH METOMYECKUM COIIPOBOXKICHUEM.

VYuuThIBas MpeACTaBICHHBIC BBHINIE YCIOBUS MPOQECCUOHANBHOTO Pa3BUTHS Yy4YHTENeH W
COBPEMEHHBIE TEHACHIUH PAa3BUTHs KOMIIETEHTHOCTHOIO MOAX0/a JOIMyCTUMO HPEANOI0KHUTh, YTO B
obmeM Buae NpoecCHOHANBHOE Pa3BUTHE — HENPEPBHIBHBIM NPOLECC HAa ONPEAEIEHHOM OTpe3Ke
BpPEMEHH, KOTOPBI MOKHO IIPEJICTaBUTH B BUIE (QYHKIIUH

Yy =ft,P1.p2sm0 Pr), (1)
rie Pi_in OLICHOYHBIE XapaKTEPUCTHKH aKTYaJIbHOTO COCTOSHHS i-M cocTaBisIomIEn
npogecCHOHATFHON KOMIETEHTHOCTH YUHUTEIIS B MOMEHT BPEMCEHH t.

3. CopeprKaHue npodecCMOHAIbHOrO Pa3BUTUA KaK cuctema
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B nmaHHBIX yCIOBHAX MOXHO 3aKJIIOUWTh, YTO B KadecTBe apryMeHTOB (GyHKImH (1) MOXHO
MIPUBOIUTH OLIEHOYHBIE XapaKTEPUCTUKN YPOBHS C(hOPMHUPOBAHHOCTH OTAEIHHBIX JIEMEHTOB CHCTEMBI
3HAHWH, YMEHHH, JIMYHOCTHBIX KadeCTB YYHTENs, KOTOpPBIE HEOOXOAMMBI il Ka4eCTBEHHOTO
WCTIOJIHEHHS €T0 JODKHOCTHBIX O0sI3aHHOCTEH.

[Ipu ompeneneHnn coctaBa TaHHOW CHCTEMBI COOOpa3HO OOpaTHTh BHUMaHHE Ha BO3PACTAIOIIYIO
MPAaKTHYECKYI0 3HAYMMOCTh TMpodeccHoHanbHbIX cTangaptoB. CornacHo TpymoBoMmy Koaekcy
Poccuiickoit ®enepanun, npodeccHOHaNbHBIA CTaHAApT MPEACTaBIAeT cO00H XapaKTEPUCTHKY
KBaTM(UKAMK, HEoOXomuMol  pabOTHHKY Ui OCYIIECTBICHHS  ONpPEINEIIEHHOTO  BHIA
mpodecCHOHANBHON  JesTenbHOCTH. B cBolo  ouepenp, MpodecCHOHANbHBIE  CTaHAAPTHI
pa3palaThIBalOTCS ¥ MPUMEHSAIOTCA B COOTBETCTBUU C MTPaBUJIaMH, yTBepKIeHHBIMU [locTaHOBIEHHEM
IIpaButensctBa Poccuiickoit @Penepamuu ot 22.01.2013. Ne23 «O mpaBumax pa3paboTkH,
YTBEPKICHUS U TIPUMEHEHUS TIPOo(heCCHOHAIBHBIX CTaHIapTOBY [3].

[IpodeccnonanbHble CTaHAAPTH UMEIOT YTBEPKICHHYIO CTPYKTYpPY IETalu3alud 0003HAUYEHHBIX
BBIILIE XapPaKTEPHUCTHK, ONEPUPYS MOHATHSIMU TPYAOBOW (QYHKIHMH, TPYAOBOTO IEHCTBUS, 3HAHUS,
ymenus. Jas oOecmedeHus COTIAaCOBAHHOCTH IaHHOM CHCTEMBI KOMIIETEHIIMH ¢ HOPMAaTHBHO-
MPaBOBBIM  ObOecrieueHHeM TNPO(ECCHOHATIBHOTO PAa3BUTHS YYHTENEH BaXXHO CQOPMHUPOBATH
MEPBUYHBIA HEPAPXUUECKUI CIPaBOYHUK-KOTUPHUKATOP MPOPECCHOHATBHBIX KOMIIETCHIIMH MMEHHO
Ha ocHoBe mnpodcranmapra «llemaror (memarormueckas IesTENLHOCTh B cepe AOIMIKOIBHOTO,
Ha4aJIbHOT'O OOIIET0, OCHOBHOTO OOIIEro, CpeaHero o0Imero oopa3oBanus) (BOCIUTATEIb, YIUTEIH ).
B npaktuyeckoit 1esSTENbHOCTH 3TOT CIIPABOYHMK MO3BOJIUT YYUTENSAM HCIOIB30BaTh €r0 B KaueCTBE
OCHOBBI U151 (POPMYJIMPOBaHUS NPO(HECCHOHATIBLHBIX 00pa30BaTENBLHBIX 3aIIPOCOB.

Opnako, umeromuecs (GOpMYyJIMPOBKY 3HAHUH M YMEHHUH B TPO(ECCHOHANBHBIX CTAaHAAPTaX 4acTo
HE TMO3BOJISIOT OJIHO3HAYHO WACHTH(HIMPOBATh KOHKPETHBIA 3ampoc, HampuMmep, Mo padore ¢
OTAETbHBIM IEAarornYeckuM HHCTPYMEHTOM HIM TexHosoruei. OmpeneneHne oOpa3oBaTeIbHBIX
3alpoCcoOB JIOJDKHO CONPOBOXKAATHECS OCO3HAHMEM €ro CONIEpKaHUS W TPUHSATHEM €ro Kak
KOMIIETEHTHOCTHOTO JeQuIHTa caMUM paOOTHUKOM. B pamkax mpemmeTa paccCMOTpPEHHS TaHHOM
CTaTbU OCO3HAHUE COJCPIKaHUs NeUIIUTA BRIPAXKAETCS ero (PUKCAIUel B BUIe CBOOOIHOTO OMUCAHUS
0 OTIPENICIICHHOMY TNPaBWIIy B KOHTEKCTE BEIOPAHHON KOMIIETEHIIMU W3 CIIPABOYHUKA. 3aMETUM, YTO
ATO XK€ CIPaBEIIMBO IS 3HAHWK W YMEHHH B KOHKPETHOW MPEIMETHOH 00IacTH, HE OTPaKEHHBIX B
npodecCHOHATLHOM CTaHAapTe.

4. BbiaBneHue npodeccnoHanbHbiX gepuuntos

Jlns popMupoBaHus 00pa30BaTENBLHOTO 3aMPOCca YUUTENb CIepPBa JODKEH MOMYYUTh HHHOPMAIIHIO
00 mMmeromuxcs MpopeCCHOHANBHBIX AeduiuTax. JlaHHas 3amada MOXKET OBITh pelIeHa Pa3THIHBIMI
crnocobamMu, B T.4. B XO0J¢ PE(JEKCHH HMEIOIIEroCs OIbiTa CaMHM YEJIOBEKOM, Yy4yacTHs B
TECTUPOBAHMSIX, dK3aMeHaX u T.N. OmHaKo, U Apyrue (OpMbI, HANIPUMEpP, PE3YJIbTAThl Y4acTUS B
KOHKYpCaxX, JIEMOHCTPAIMOHHBIX (OTKPBITHIX) y4YeOHBIX 3aHITHUSX, COPEBHOBAHHSX, OJNHMITHAMIAX,
CeMHHapax, KypCax TMIOBBIIICHUA KBaJ]I/I(l)I/IKaIII/II/I TaKXXC MOTIYT ABJIATHCA 3(1)(1)CKTI/IBHBIMI/I
WHCTPYMEHTaMU pEIICHUs JaHHOHM 3amauyn. Pa3sHooOpa3ume MpeCcTaBIICHHBIX CIIOCOOOB IMO3BOJISET
obecreunTh JUBEPCUPHUKANMIO W HAWOOMNBIIYI0 MONHOTY  BBUIBICHHBIX jAeduiuroB. B
ABTOMATHU3WPOBAHHOW cpejie JIAaHHBIH MOJXOJ JOJDKSH MpPEIoyiaraTth 3HaUYUTEIbHOE pazHooOpasne
OpraHu3anui, CHOCOOHBIX BIUATH HA CBOETO poja MpoQiib JeUINTOB OTACIBHOTO YUuTens. BaxkHo,
4TOOBI OPraHU3aIMH, UMEIOIINE TAKOU JOCTYI K MPOGUISIM IePUIUTOB YUUTENICH TOHUMATH O0IIHe
MOJXOMbI, TMpaBHJa ¥ WPUHIUIBI, MPOXOIWIM CBOECTO pOJa aKKPEIUTAIUI0, HOCHIH CTaTycC
JIOBEPEHHBIX.

[poduns aehUIMTOB MOIDKEH ONKCHIBATH aKTyallbHOE COCTOSIHHE NPO(ECCHOHAIBHBIX
3aTpyJHCHHUN paOOTHUKA, B T.4. TIO3BOJISAIONICE BBIBUTh HAHOOJIEE aKTyallbHbIC TOYKH JAbHEHIIIETO
Mpo(heCCHOHATBHOI'O PA3BHUTHA.

Ha Pucynke 1 mpeacTraBieHO B3aUMOJCHCTBHE YYHTENS CO CBOUM HpodwieM JIedUIUTOB.
Ipeamnonaraercs, 4rto npodusib AeHUIMTOB COCTOMT W3 TaKMX OO0S3aTENbHBIX aTpuOyTOB, Kak
HaMMEHOBaHUE KOMIIETCHIINH, CIIOCO0 M JIaTa BBISIBICHHUS, YPOBEHb.
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PopmupoBadie npoduna AedunTos

PucyHok 1: BPMN-guarpamma popmmposaHma npoduns gepuumtos

BaxHO 3aMeTHTB, YTO B XOJle M3JIOKEHUS MBI CHENAIN Mepexo]] K NeQUIUTAPHOMY HPUHIIUIY
paboThI ¢ mpoecCHOHATIBHBIM Pa3BUTHEM YUUTEISl M BBEJIU MOHATHE «IpOPUib 1epUIUTOBY. J|aHHbIH
MPUHIMIT HE CTABUT HEOOXOMUMOCTHIO MONYYCHHUE AKTYaJbHOTO COCTOSHHS BCEX COCTABISIOIINX
MpoeCcCHOHATLHOW KOMIIETEHTHOCTH YYWTENsl, HO ONpeAesieT HEeoOXOJMMOCTh  BBISIBICHHS
npodecCHOHATBHBIX AeUIUTOB — (GopmMupoBanus nmpoduis AeGUIUTOB — a YK€ Ha €ro OCHOBE
BBISBIISITh aKTyalbHBIE B KOHKPETHBHIE MOMEHT BpeMeHH 0Opa3oBaTeNbHBIE 3ampochkl. OIHAKO, IO
MHEHHIO aBTOpa, 10 Mepe pa3BUTHS W CTAHOBIEHHS IMpoliecca OyJeT NpaBHIBHBIM BHEAPHUTH
THOPUAHBIA  TOAXOA  YIpPaBICHUS MPOPECCHOHANBHBIM pa3BUTHEM yuyHUTenel, OO0beIUHUB
BO3MOXHOCTHU Je(pUIIMAaTApPHOTO M pecypcHOro noaxoaos. Ilocneanuili B JTaHHOM cilydae HallpaBJieH
Ha BBIABIIEHHE JIMYHOCTHO-NIPO(ECCHOHANBHBIX OcoOeHHOCTeH Kakioro yuurens [3] w wx
MPaBUIIBHOTO HAINPaBIICHHS.

Takum oOpazom, ¢ynkuus (1), oTpakaromas COBOKYMHOCTh BCEX BO3MOXKHBIH KOMIIETEHIMH,
CTaHOBHTCSI HeakTyanbHOW. K TOMy ke OHa He MOXET ObITh BBIUMCIICHA B MPUEMIIEMbIE CPOKH C
MPUMEHEHUEM aJIeKBATHBIX YelIOBEYECKHX W TEXHHUYECKHX pecypcoB. ba3ol s nmanmpHeimiei
aBTOMATU3all CTaHOBHUTCS MPOQWIb ASHUIMTOB, KOTOPHIH TAaKKE MOXKHO NPEACTaBUTH B BHIE
HEKOTOPOU (PYHKIUH

y' =f'(t'dydy..dy), (2)

rae d].:ﬁ — OLICHOYHAs XapaKTepUCTHKa ypoBHsA aeduuuta k-ii kommneTeHuuu. B upeanbHOM

ciydae GyHKIUS (2) sBIgeTcs pasHHUIEW MeXIy aKTyalbHBIM 3HaueHHeM OGyHKImHu (y) U ee
HpeieNIbHBIM BEpXHUM 3HaU€HHEM IIPU MAaKCHUMAJIbHBIX 3HAaUEHUSAX BceX p;. OHAKO, U ITOT ClIydail He
paccMaTpuBacMm 110 TOM XKe IMPUYINHE HEBO3MOKXHOCTU JOCTUKCHUA B aICKBATHBIX YCJIIOBUAX.

MOKHO IOmyCTUTH, YTO KA QYHKIMK (2) OTACIBHO B3STHI apryMeHT d; MOXKHO BBIYMCIIUTD HA

OIIpEeeNICHHOM IIKaJIe IO KOHKPETHOMY U3MEpUTEIO (HalpuMep, TeCTUpOoBaHuIo). B nanHOM criocobe
MIpeaIaracTcs HCmoiah30BaTh 100-0auTbHYIO KAy, a OIICHOYHBIC XapaKTEPUCTHKH d j ER>g .

Bo3pMeM BO BHHMaHWE €IIe OJIHO OYEBHHOC YTBEpKIEHHE, 4YTO (OpMUpPOBaHHE MPOduis
neUIUTa — 5TO HE HEMPEPBIBHBIN MPOIecC. YUUTHIBAs CIICIUPHUKY TPYAOBOU ESTEIBHOCTH yUUTEICH
s QyHKIUU (2) MOXKHO C/enaTh JOMYIICHUE CUYMTATh JUIMHOW Ilara BPeMEHU t' y4eOHBIH TOJI.
[ToaromMy ero 3HaYeHHEM B JIAaHHOM CJy4yae MOXHO NMpPEHEOpeYh HAa MPOMEXKYTKAaX BPEMEHU BHYTPHU
y4e0HOT0 Tofa.

5. PekomeHpgaTenbHaa cucrema

Ha ocroBe nmoctpoenHoro npoduist neunmuToB HE0OX0UMO 00€CTIEYUTh KOPPEKTHYIO HABUTAITHIO
yuuTedsl B TPOCTPAaHCTBE 00pa3oBaTEIbHBIX PECYpCOB, KOTOpPbIE B HAWOOJbIIEH CTEeHH OymyT
CHocoOCTBOBAaTh JIMKBUJAIMH BBISBICHHBIX MPOQECCHOHANBHBIX AeuuuToB. s pemreHus 3Toit
3aJ1a4¥ BaYKHO 00ECTIEYHNTh 001IIee XPaHIITHIIIE METaJaHHBIX O Pa3IMYHBIX 00pa30BaTeIbHBIX peCypcax.
IMon oOpa3zoBareibHBIM pecypcoM OylieM MOHUMAaTh COBOKYIMHOCTH HH(OPMAIUH, MOTCHIUAIBHO
MPENICTABIIAIONAs 00pa30BaTENbHBI M HAYYHBIH WHTEPEC C TOYKH 3peHHUS MPOo(ecCHOHATBHOTO
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PasBUTHS YUMTEJNs, ONpelNeNeHHas pazIuyHbIMH (OpPMaMu: KHWIH, OHJIAHH-KYpPCBHI, CEMHHApBI,
IIPOTrPaMMBbI IOBBIIIEHUS KBAIUGHUKALNY U T.1II.

[Tpu 5TOM pekoMeHaTeNbHas CUcTeMa BKIIIOYaeT B ce0sl ABa YPOBHsI YHKIIMOHHUPOBAHUS: IPOCTON
U «UHTEJUICKTyallbHBI». B mepBoM ciydae — ypoBHE NpOCTOro (PyHKIMOHMPOBAHHS — Ba)KHO
o0ecreunTh MPUBA3KY KaKAOTO PECypca K OJHOMY HIJIM HECKOJbKHM 3JIE€MEHTaM CIIPaBOYHHUKA
KOMITETEHIIMH. DTO TO3BOJIUT cpady MH(OOPMHPOBATH MOJIB30BATENsl O HOBBIX pecypcax, KOTOphIC
MOTYT MPEJCTABIATH AJISl HErO HHTEpEC.

Hns 6onee 3¢ dexTuBHOrO HOPMHUPOBAHMS CHHCKA PEKOMEHJAUNN M Ka4eCTBEHHOT'O MOBBILICHHUS
WX TEPTHHEHTHOCTH HEOOXOJAMMO TMPHUBICUCHHE pa3MYHBIX MEXaHH3MOB (OPMHUPOBAHHS
MEPCOHAIN3UPOBAHHBIX PEKOMEH AL KOJUIA00paTHBHOM W KOHTEHTHOH (QPUIBTpaLny, 00pa3yroIux
WHTEJUICKTYAIbHBIA YPOBEHD ()YHKIMOHUPOBAHUS PEKOMEHAATEIEHON CUCTEMBI.

B o0mem Buze, peKOMEHIATENBHOW CUCTEMON MPEeNyCMOTPEHO TOCTpOoeHUe MaTpuisl P = |N| X
|M|, tne N — konuyecTBO yunTenei (mojib3oBaTelieii), M — KOJU4eCTBO 00pa30BaTeIbHBIX PECYPCOB,
a KaXIbpli 3JEMEHT MAaTpHLbl — 3TO ACHCTBUTENIbHAs WJINM NPOrHO3UpPYEMasl 3auHTEPECOBAHHOCTh
OTAETHHOTO YYUTENS B KOHKPETHOM pecypce.

KomnaboparuBHast ~¢unpTpanms — METOJ HPOTHO3UPOBAHHS HMHTEPECOB  TOJB30BATEINS
OTHOCHUTEJIBHO 00pa30BaTENbHOTO pecypca Ha OCHOBAaHHH CYILIECTBYIOILETO MOIb30BAaTEIbCKOTO OTIBITA
IpYTUX II0JIb30BAaTelIed CO CXOAHBIM IIOJB30BAaTEIbCKMM OIIBITOM B3aUMOAEHCTBHA CO BCEM
MHOECTBOM PECYPCOB.

Hns  oOecrieueHus: (GYHKUMOHUPOBAHUS JAHHOIO METOAAa HEOOXOIMMO HUMeTh  0asy
[I0JIb30BATENILCKOTO OIbITA II0JIb30BaTelIel (TpaH3akUWi) € HMEIOMMMHUCT 00pa30BaTeIbHBIMU
pecypcami, ¢ IOMOIIbIO KOTOPOH OIBIT B3aUMOJICHCTBHS i-I'O ITOJIB30BATENS C j-M PECYPCOM MOXKHO
npeacTaBuTh GYHKIUEH Y, j = f(uyr),...), 3Ha4YCHHS KOTOPOI1 ¥ 3arI0MHAT MaTpuily P. B obiem ciyyae

3ajjaueil MeToJa KoJU1abopaTHBHOW (QHIBTpALMU SBJISETCS 3allOJHEHHE BCEH MATpHIBI, Jake B TeX
Clly4yasix, KOI/la y IOJIb30BaTelisi OTCYTCTBYET ONBIT B3aMMOJEHCTBHS C KaKUM-IHOO pecypcom. B
JAHHOW METOAMKE M KOJUIAOOPaTHMBHOM (PUIBTpALMU MCHOJIB3YETCsl KJIACCHUYECKHH BapuUaHT
peanu3anyy, OCHOBAaHHBIM Ha MOUCKE ONIDKANIINX coceied, YbM MHIUBHUyalbHbIe 00pa3oBaTeIbHbIC
MapLIpyThl HanOoJIee KOPPETUPYIOT C MapIIPYTOM BEIOPAHHOTO MOJIB30BATENs], KOPPESILUs B JAHHOM
Cllyyae pAacCUMUTBHIBACTCS KOCHHYCHBIM paccTosHueM. OnHaKo, MOMCK HaWIyyllUX METOMOB
KOJITAOOPaTUBHON (HIBTPAIMU B JAHHOM CITydae SIBISICTCS OTKPBITHIM JJisi Oy IyIIMX HCCIICAOBAHHH.

B pazpaboTanHO# aBTOMaTH3MPOBAHHOW METOIMKE MOJIb30BATEIBCKHIM OMBIT OTpaskaeTcsi BHIOOpOM
00pa3oBaTEeNbHOTO pPecypca B KaueCTBE COCTABIIOIIEH WHAMBUAYaIbHOro 00pa3oBaTENbHOIO
MapuipyTa JaHHOTO MoJib30Barend. B Oyaymem, npu G6osee NIMPOKOM BHEIPEHUM AaHHON METOAMKU
TIOWCK BUJIOB TPaH3aKLUi, 0e3yCIIOBHO, OYAET pacIINPsTHCA.

KonnaboparuBHast ¢puiabTpanusi, Kak BUIHO, CTPEMUTCS K TOJYYEHHIO HEKOTOPHIX YCPEAHEHHBIX
3HAYEHUI MHTEPECOB I10JIb30BaTENel U MOTEHIIMAIbHO OIPaHMYHMBAET MEPEUYEeHb PEKOMEHIOBAaHHBIX
pecypcoB. 3T0 00ycClaBIMBaETCS HECKOJIBKUMHU (haKTOpaMH, MEPBbIH U3 KOTOPBIX — TEXHUYECKHUH,
3aKITIOYAIOIIMICS B BO3pACTAIOIEH BBIYMCIUTEIBHON PECYPCOEMKOCTH METOJIa MO0 MEpe yBEIHMYCHHUS
KoJIn4ecTBa Oympkaiiux coceneil. Vix Majioe KOJIM4ecTBO, 0UEBUAHO, OyAET B 3HAUUTEIILHON CTENICHN
OrpaHWYMBATh TIEPEUCHb PEKOMEHIALUI, a CIWIIKOM Oojblioe — OyJeT co3JaBaTh «IIYMHBICY
PEKOMEHIAIMH, HE COOTBETCTBYIOLIME JNCHCTBUTENBHOCTH. [IpHUMas BO BHUMaHuEe 0003HAUYEHHBIH
paHee Te31C 0 HU3KOH BHYTPEHHEH MOTHBALIMH LTMPOKOI YaCTH MEAarorn4ecKux pabOTHUKOB CHCTEMBI
o0pa3oBaHusl K NPO(EeCCHOHATBHOMY Pa3BUTHIO, CYILECTBYET PUCK, YTO OTAEIbHBIE PECYpChl HE
MOMAAyT B PEKOMEHIAINH MOJIb30BATENCH MITH CTaHYT HEaKTyaIbHBIMU J0 TOI'0 MOMEHTa BBHY TOTO,
YTO HEMHOTHE A00aBAT ero cebe B HMHAMBHAYalbHBIH MapmpyT. [103TOMy BaXHO IOMOIHHUTH
(YHKLIMOHUPOBAHUE NIEPCOHATBHBIX PEKOMEHAALMH IS I10JIb30BaTENsI IOCPEICTBOM JPYroro MeTosia
— KOHTEHTHOW (MIbTpaluy, ommparomerocs Ha HeGopMaln30BaHHYIO HH(POPMALHUIO B MPOPHIILX
neUIUTOB MoNIb30BaTeNel 1 METaJaHHBIX 00pa30BaTEIbHBIX PECYPCOB.

KonrentHas ¢unbTpanust MO3BOJISIET NPENOCTaBIATh KIMEHTaM PEKOMEHIALMM Ha OCHOBE
TEKCTOBBIX (POPMYITUPOBOK PO ECCHOHANBHBIX 3aTpyaHeHHH. Kak 06110 0OTMEUYEeHO paHee, METOANKON
MpenycMOTpeHa HEOOXOAMMOCTh “‘AeTanu3aluu’ KakJIoro 3aTpyAHEHUs B cBoOomHO# ¢opme. Ha
OCHOBE JaHHOW MH(OPMAaLUK MPOBOAUTCA CPaBHEHHE HA MOJO0ME JeTanu3aluu 0O0pa3oBaTeNbLHOIO
3aIpoca, ONMMCAHHON CaMUM I0JIb30BATENIEM U aTpUOyTa « AHHOTALMD» PA3IMUHBIX 00pa30BaTeIbHbBIX
peCypcoB 1O KIIOYEBBIM clioBaM. B Gojiee coBeplieHHOM Buie TpeOyeTcsl pealu3alysi aHajiu3a Ha
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Mojo0Me MOCPECTBOM CEMAHTHYECKOrOo aHalli3a TEKCTOB M BHEAPCHUIO METOJOB MAIIMHHOTO
oOyJeHMS.

6. UHpmuBuayanbHblii 06pa3oBaTeNnbHbI MapLUpPYT

Ha ocHoBe mpencTaBIeHHBIX pEKOMEHIAIMH  YYUTENI0 HEOoO0XOIUMO  CPOpMHUPOBATH
WHAWBUAYaIbHBIN 00pa30BaTeIbHBIA MapIIPYT, KOTOPBIH MPEACTaBIAET COO0H COBOKYIHOCTD TaHHBIX
00 00pazoBaTeIbHBIX pecypcax, KOTOPhIe eMy HEOOXOIUMO M3YyYNUTh WM IMMOCETUTh, YTOOBI JOCTHIh
[IOCTaBJICHHOM Lienu. B paMkax 1aHHON METOAMKU UHIAUBUILY AJIbHBIN MapIIPyT IOMUMO COBOKYITHOCTH
PECYPCOB COIEPKHUT B O0s3aTEIBHOM TMOPSAKE LENb W JAaHHBIE O NPENNojaracMoM IPOAYKTe
peammsaunu. Bces  sra  uHOpManus ompepenseT  CoAep)KaTeNbHbIE PAaMKH  OTAEIBHOTO
WHIWBUIYaTBHOTO 00pa30BaTENIbHOTO MapUIpyTa, CHOCOOCTBYET CHUCTEMATH3allMM W OCO3HAHUIO
KJIMEHTOM CBOMX JAC(UIMTOB M NPABHIBLHOMY IUIAHUPOBAHUIO JESTENBHOCTH MO WX JUKBUAALMH.
BwMmecte ¢ Tem, BO3BpaIlasch K paHee 0003HAUCHHBIM YCIOXKHSIOLUIMM JAaHHBIN mpouecc dakTopam —
BOBJICYEHHOCTH paboToaTeNeil W METOMUYEeCKON TOIAEp)KKE — BaXKHO BKIIOYHTH UX B JaHHBIN
npounecc. Mannnanus GpopMUpPOBaHHUS MHIMBUAYaIHLHOTO 00pa30BaTEIbHOTO MapLIPyTa MPOUCXOJUT
TOJIBKO € pa3pelueHust paboTonaTens, a yke Ha dtarne (OpMHPOBAHUS MapIIpyTa MOJPa3yMeBaeTCs
BO3MOXXHOCTb BKJIFOUEHHUSI KOHCYJIbTAalIMOHHON HOAJIEPKKH CO CTOPOHBI HA3HAYEHHOI'O0 KOHKPETHOMY
Mearory METOUCTA B PEKUME JIEKTPOHHOM MEePEHUCKH.

BaxHoil cocraBisitonield npouecca padoOThl ¢ WHAWBUAYaIbHBIM 00pa30BaTEIbHBIM MapIIpyTOM
SIBJISIETCS €70 3aBEPIICHHUE U OLICHKA COCTOATEILHOCTH. Y UUTHIBAS, UTO [1€AATrOTUIECKYIO AEATENbHOCTD
MIKOJBHOTO YYHUTENS CO BCEMH €€ COCTaBISIIOIIUMH TPYTHO (OpMalin3oBaTh Ha CKOJb-HUOY/b
MIPUEMIIEMOM IS LIeNeH CUCTEMHOTO aHaJIN3a YPOBHE OTMETHM, YTO 3HAHUS U YMEHUS B KOHKPETHOMN
MpEeIMETHON 00JacTH BO3MOXKHO MPOBEPUTH C TIOMOIIBIO TECTUPOBAaHUH, KOTOPBIE NPH MPAaBUILHON
pa3paboTKe MOI'YT IPEAOCTaBUTh AOCTOBEPHYIO HH(OPMALUIO 00 YPOBHE BJIaJCHUS TAKUMH 3HAHUSAMU
U yMeHusMH. B To ke Bpems oOlnernenarornueckue KOMIETEHIMH B OOJIBIIMHCTBE CIy4aeB MOTYT
OBITH aJICKBATHO OLIEHEHBI JIUIIb CYOBEKTHBHO, B MIPSIMOM HAaOJIIOJEHUU CO CTOPOHBI KOMIIETEHTHOT'O
MeToaucTa. B maHHOM ciydyae yuuTenb IODKEH Ha craguu (OPMHUPOBAaHMSA MaplIpyTa TOYHO
MIPEJICTABIATh CTPYKTYpPY M KPUTEPHUM OLEHKH MPOAYKTa, Yepe3 KOTOPHI B KOHEYHOM HUTOre Oyner
OLIEHWBATHCS JOCTH)KEHHE MM Lelnd 00pa3oBaTeNbHOTO MapuipyTa. Takum oOpasom, ais
3¢ EKTUBHOCTH peanu3allMd AAaHHOIO Ipolecca B aBTOMAaTH3UPOBAHHOM pEXHME Ha CTaIuu
MPOEKTUPOBAHUS MapuIpyTa AOJKHBI OBITh aA€KBAaTHO C(HOPMYIMPOBAHBI IeNb W MPEAIoIaraeMblil
00pazoBaTeNbHBIA MPOAYKT JEATEIBHOCTH MO ero peannzanuu. C y4eToM mpensiaymux naparpagos
Ha Pucynke 2 mnpuBemena BPMN-mmarpamma mpomecca paOoThl y4uTens C WHIWBUIYaJIbHBIM
oOpa3oBaTelbHBIM MapmIpyToM OT (QopMupoBaHus TPOoPwiIs AePUIUTOB A0 TMPEACTABICHHSI
00pa3zoBaTeNbHOTO MPOIYKTA.

PucyHok 2: BPMN-guarpamma npouecca paboTbl yuntens ¢ MHAMBUAYaNbHbIM 06pa3oBaTelbHbIM
MapLpyTom
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3amMeTuM, YTO COOCTBEHHO WHIWBUAYAIBHBI MapUIpyT XOTh W SBISETCS JIMIIL YacTBIO BCETO
MpoIiecca, B TO )K€ BPEMS MPEACTABISIET €r0 TEXHOJIOTHIECKYIO M COAEPIKATEIbHYIO OCHOBY.

7. 3aKknwouyeHue

W3ydenue nutepatypbl 1 0030p CyHIIECTBYIOIIHUX IPAKTUK 10 TMPEJCTaBICHHOMY BOIIPOCY TOBOPHT
O TOM, YTO B Pa3IMYHBIX TOCYJApPCTBAX BOMPOCY Pa3BHTHS HPO(ECCHOHATIBHBIX KOMIETEHHMITH
yuuTene yaensercs 3HauMTeNbHOEe BHHMMaHue. OJHAKO, psAJ DKOHOMHYECKHX, COLMAIBHBIX H
TEXHOJIOTHYECKHUX BBI30BOB CIIOCOOCTBYIOT (POPMHUPOBAHHIO KPU3UCHOM CUTYyallud B JAHHOM BOIIPOCE.
Bmecte ¢ TeM BO3MOXXHOCTH COBPEMEHHBIX HH()OPMAIIMOHHX TEXHOJOTMH B PELICHUH CTOSIIHX
po0JeM HE HCIONB3YIOTCS B JocTaTouHo Mepe [4]. B Poccum B HacTosiee BpemMs OTCYTCTBYET
Kakoi-1u00 MpoAyKT ¢enepaibHOro YpoBHS, B (YHKUMOHHUPOBAHWH KOTOPOro ObUIM OBl
3a/1eHiCTBOBAHbI BCE 3aMHTEPECOBAHHBIE CYOBEKTHI. BMecTe ¢ TeM, OTAeNbHbIE PETHOHBI i OpTaHU3alUuH
pa3pabaTeiBalOT COOCTBEHHBIC PEIICHUS C YYETOM pErHOHAJIbHOW WM WHCTUTYIIHOHAIBHOM
creunpuKy.

W3 ycnemHbIX TpaKTUK, HANpaBICHHBIX Ha MOJIEPKKY pPa3BUTHA IPO(ECCHOHAIBHBIX
KOMIICTEHIINH, MOKHO OTMETHTH 3aKpBITHIE CHCTEMBl YHHBEPCHTETOB M KPYIHBIX KOMMEPUYECKHX
KOMITaHUH, KOTOphle (OPMHPYIOT COOCTBEHHBI KOHTYp COAEpKaHHS OOy4YeHHsT B KOHTEKCTE
HEOOXOIMMBIX 00pa30BaTEbHBIX 3a1a4.

B To e BpeMs NpeNCTaBICHHBIA IMpoLECC U €ro peanusanus B CYLIECTBYIOLIEH
ABTOMATHU3MPOBAaHHOW CHCTEME CTaBSIT CBOCH IIeJbI0 CO3JaTh HM30BITOYHYIO COBOKYITHOCTH
00pa3oBaTeNbHBIX  PECypCcOB  JUISL  HAmpaBICHHOTO  HCMOJB30BaHUS B WHIUBHIYaJbHBIX
o0pa3oBaTeNnbHBIX MapIIPYTOB yuuTenel. JlaHHas 1eIb NPeJoCTaBIseT Psil BO3SMOKHOCTEH, TIIaBHOM
U3 KOTOPBIX SIBIISIETCSI KAUECTBEHHAS IeBepCH(UKALUS BO3SMOKHOCTEH NMPOECCHOHAIBEHOTO Pa3BUTHS
yuuTeseid. BMecTe ¢ TeM U 0CTaBIsIET ps OTKPHITHIX BOIIPOC, TEXHOJIOTMYECKOE PEellIeHHe KOTOPHIX B
paMKax CHCTEMHOI'O aHaJM3a ellle He MPEICTaBICHO B POCCUICKON M 3apyOexxHoil npaktuke. Cpenu
TaKMX BOIPOCOB OCTAIOTCSI YKa3aHHBIC BBHINIE H3MEPHUTENN IIPAKTUYECKHX YMEHHH, OIeHKa
ONTUMAJIBHOCTH M JIOCTATOYHOCTH PECYpCOB HMHIMBHIYaTbHOTO 00pa30BATENBHOTO MapIIpyTa B
YCJIOBUSIX IIMPOKOTO MacuTada MPUMEHEHHs] W ITUHAMUKUA M3MEHEHHS COAEP)KaHHA M TEXHOJOTHH
0o0pa3oBaHUsI.
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Logic Programming Approach to Observability
Testing
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Abstract

The paper presents a logic-based way of checking observability of partially-observed discrete-event
systems. The automated theorem proving technique in the calculus of PCFs is employed. A known
algorithm is realized with the help of the inference search for a specially designed positively-constructed
formula. The main advantage of the presented PCF-based approach and the employment of the ATP
technique is the declarative description of the algorithms considered.

Keywords
discrete event systems, positively constructed formulas, automated theorem proving, supervisory control,
partial observation

1. Introduction

The class of logical discrete-event systems (DES) is a wildly used modelling formalism
for man-made complex objects [1, 2, 3]. A logical DES is often represented by a finite-state
automaton which transitions from state to state are labeled with the letters of some finite
alphabet. Sequences of such transitions may be considered as words of a regular language.
Since each transition is associated with an event occurring in the system thus the language
describes behaviour of the system from the high-level, or symbolic, point of view. That is why
studying DES is naturally embraced by the paradigm of automated theorem proving (ATP).

A small overview of the state-of-the-art on ATP in robotics is presented in [4], while a detailed
review on planning in robotics, including the use of ATP, is presented in [5]. The work [6] lies
at the intersection of ATP and machine learning, presenting a reinforcement learning toolkit
for experiments on guiding ATP in the calculus of connections. The core of the toolkit is a
Prolog-based proves i.e. a program for automated reasoning in Prolog language.

We suggest a new way of study and design logical DES based on the the ATP in the calculus
of positively constructed formulas (PCFs). The origins of the PCF calculus as a complete method
for ATP may be found in [7, 8, 9] while a detailed discussion of its characteristics and capabilities
is presented in [10]. In the series of the previous works it was shown how the basic problems of
the supervisory control theory (SCT) [11] for logical DES may be solved using the technique
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presented. The issues considered so far include controllability checking to determine if a
formal language restricting DES functioning may be guaranteed by a supervisor [12], supremal
controllable sublanguage of a given specification language construction [13] and a monolithic
supervisor realization [14].

This paper deals with partially observed DES in which occurrence of some events are un-
available for observation. In this case the property called observability of a formal language
determines those specifications on DES functioning that may be ensured by the supervisory
control. Some effective tests for observability have been already suggested, e.g. in [15] and [16],
where the latter is based on the algebraic operations on processes that represent DES. After
necessary preliminaries provided in the next section, in section 3 it will be shown how the
polynomial algorithm from [17] may be realized by the usage of PCFs. The main advantage of
the presented PCF-based approach and the employment of the ATP technique is the declarative
description of the used algorithms. In this case, the programmer only describes (declares) the
properties of the required result, and the solution (method) is provided by the logical program-
ming system, as a result of searching for the logical inference of some goal statement. This is a
step up from programming in imperative languages (e.g. C/C++, Java, etc.) as the programmer
does not have to worry about the low-level details of the program.

2. The PCF-calculus

The calculus of positively-constructed formulas (PCFs) is based on the refutation of the
negation of an original statement which is to be proved. The main idea is the following: if the
negation of the statement has been proved to be false then the statement itself is valid. The
language of PCFs is a restricted variant of the language of the first-order logic (FOL), which
consists of first-order formulas (FOFs) built out of atomic formulas, or atoms, with the help
of operators &, V, =, —, <+, quantifier symbols V and 3, and constants T'rue and False. Note
that any FOF can be represented as PCF since the PCF-language is a special way of writing
classical FOFs, as well as the conjunctive normal form, the disjunctive normal form, etc. The
converting algorithm is presented in [8].

For easier reading, a PCF may be represented graphically as a tree structure. For example,
consider a PCF representation of a FOF

F ==(Vz3yP(z,y) = F2P(z,2)).

An  image F' of F in the PCF language is F =
V. @{3: o{Vae: &{Jy: P(x,y)},Vz: P(z,2){3: False}}}. The tree-like form of the

latter is

The root V& of a PCF tree is called a PCF root. Each PCF root’s child 3x A is called a PCF
base, the conjunct A is called a base of facts, and a PCF rooted from the base is called a base
sub formula. The PCF base children Vy B are called questions to the parent base. The subtrees
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of the questions are called consequents. If a question has no consequent then the question is
referred to as goal question, and it is identical to False.

The only axiom of the PCF calculus is V&: @, ie., False. The inference rule w in the
PCF calculus is based on the search for so-called answering substitutions, i.e., such sub-
stitutions of variables in terms that satisfy certain conditions. Any finite sequence of PCFs
F,wF,wF,... ,w"F,where w’F = w(w* 1 F),w! = w,w"F =V, is called an in ference of
F in PCF calculus (with the axiom V). An answer to the goal question refutes the corresponding
base. When all bases of the PCF are refuted then the PCF F reduces to V, i.e. False. This
means that F as the negation of the statement under consideration is unsatisfiable; therefore,
the statement itself is true. The details on the PCF-calculus may be found in [7, 8, 9, 10].

3. Checking observability of a regular language

Consider a discrete event system (DES) in the form of a generator G = (Q, %, 6, qo, Qm,) of
a formal language [11]. Here () is the set of states ¢; 3 the set of events; §: X X @ — @ the
transition function; gy € @ the initial state; Q),,, C @ the set of marker states. Let L(G) be a
language generated by G, and L,,(G) be a language marked by G. Let G be partially observable
and the observation function is defined as the natural projection P : ¥* — 3% which erases
unobservable events belonging to a set ¥,, = ¥ \ ,. Let L be the set of all strings that are
prefixes of words of L,i.e. L = {s|s € ¥*and It € ¥* : s-t € L}.

In the SCT framework, a supervisor existence criterion for partially-observed DES requires,
among other, a specification language to be observable. A language K is observable (with respect
to L(G) and P) if Vs, t € ¥* (P(s) = P(t) — (Vo € ¥)(s0 € K&to € L(G) &t € K —
to € K)).

There are several algorithms exist to check if the regular language K is observable. For
example, an algorithm was presented in [1] that is polynomial with respect to the size of
the automata generating K. The main idea of the algorithm is constructing an automata for
tracking two words s1, so of K which have the same projection P(s1) = P(s3) but s1 € K
while sy ¢ K. Let the regular language K is recognized by the finite-state automaton H.
The algorithm from [1] suggests to consider two copies of the automaton H and one copy of
the automaton G and to design an automaton 7" with the states of the form (h1, ha, ¢) where
h1 € Qg, ha € QH, q € Qg, and the single state dead. The existence of the state dead denotes
unobservability of the language K considered because by construction for s; € K,i = 1,2, 3,
and some event a, s3 = s3, P(s1) = P(s2). s1a € K while soa ¢ K, sza € L(G).

We are going to demonstrate how this algorithm may be realized with the help of ATP in the
PCF-calculus. To do this, some preprocessing is necessary. The following list of predicates will be
exploited next: a predicate (¢*) which corresponds to all states of the automaton G, a predicate
E(07) that defines all events of automata, terms 3 (¢}, 0%, ¢5) and 67 (¢}, 0*, ¢b) that determine
transitions from the state ¢¢ of automaton G or H to the state ¢} labeled with an event 0. Let
term Fx(¢*, 07) mean that there is a transition from the state ¢’ of automaton X labeled by the
event 0/. Let NoFg(q', 07) mean the opposite, i.e. that there is no such transition. Consider
the PCF Fp,¢p (1) with the base Bp,ep = {Q(q), dc (¢}, 0%, q21), du (¢i, 0%, ¢), E(c7)}. The
inference of Fp;., adds proper atoms Fx (¢*, 07) and NoFx (q", 07) into the base.
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VO’,QE(U),Q(Q) HNOFG(qao—)vNOFH(Q7J)
fPrep = E|-BP1”6;D VU, q, 41 5G(q7 g, q1)7 NOFé(q7 U) —4 FG(Q, U) (1)

V07Q7Q1 5H(q7 g, QI)aNOF;](q7U) -4 FH(Q7U)

Note the operator * used for the deletion of the unnecessary atoms which were added by
the first question. One of the essential features of the calculus of PCFs which will be used for
analysis of DES is that we can build a non-monotonic inference by adjusting the definition of
the inference rule. For this, an operator * is exploited. In particular, after applying the inference
rule, the atoms in the base that participated in the matching search with the marked atoms in
question should be removed from the base. In general, the operator * affects the property of
completeness of the PCF calculus but for the problem considered in this paper the inference

using * is always correct.

Denote the resulting base Bp, . Let Bops = Bp,.,, U {Q5 (¢5), Qi (¢, E.(07), E,(07),

Euo(07)}, where Qi (_) determines the initial state of automata X, E.(07), E,(07), Eyo(07) are
intuitively clear. The predicate T'(_, _, ) will be used to define states of the testing automaton 7.
The predicate (5T(q11q, ql%[, q¢, 01,09, 03, t}q, t%l, tc) is equal to the phrase“there is a transition
labeled o1, 09, o3 from the state (¢}, ¢%, q¢) to the state (t};, 1%, t¢) of T. The PCF Fpy,s in
Fig. 2 constructs the testing automaton 7". The questions of Fop, are listed as formulas 27 — R.

Ry
Fons = IBops & T2 (2)

Rg

Ry :Vau, qc QF (ac), Q¥ (am) — 3 QF (au, am. ac), T(am, qu . 4c:)
Ry : Yo,qy, 431,96 T(ty, 4fr, 46), E(0), Fu(ay, o), NoFu (43, o), Foaa, o) —
3 dead(q}g,q%,qg,a)
Rs3 :Vx,y,z,s dead(z,y, 2, )
Ry : Yo, q51, 4ir> 46 tirs tirs te T(ai, 43 46)s Bo(0),
81 (g, 0ty), 6u(qh, o, th), 0c(qa, 0, ta) —
3Tty i, ta), 51(ahrs Girs 4G+ 05 s U 1)
Rs o, qi, 4, 4oty T(ai a8 46), Bo(0), 0 (qky, 0ty ) —
3T (ty, 4, 9c), 07 (qkr, GFr: 4G 0 € € Ly, Qir, 46)
Re :Vo,qt1, a4, 46 i te T(aly, 04 46)s Bo(0), 0 (a3, 0, t3), 0 (ac, o, te) —
3T (i, th. ta), or(afy, airs 4 €, 0, 0, qiy ty, ta)

Example 1. Consider the DES presented by the generator G in Fig. 1 and specification language
K generated by the automaton H,0ps in Fig. 2. Let 3,,, = {u, v}. It may be noted that the
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strings s = uv and ¢ = € are those that cause the conflict in the system. Indeed, the occurrence
of event a leads to the situation when P(s) = P(t), sa € K but ta ¢ K what violates the
observability condition.

For this example the prover Bootfrost developed for ATP in the PCF-calculus
(https://github.com/snigavik/bootfrost) finds the conflict in 8 steps of the inference. Below
the clipped listing of the prover log is provided. The listing illustrates the process of adding
new atoms into the base that define the states and transitions of the automaton 7" responsible
for checking observability. We have reduced the technical information where possible as well
as a few inference steps which play no role for the inference. As one can see, the minimum
inference for PCF Fpys with the base corresponding to the automata in Figures 1 and 2 consists
of 5 steps.

Figure 1: Automaton G.

Figure 2: Automaton Hy0ps-

Arguments { formula: "wsUnObsTest.pcf", strategy: "general", limit: 10000 }
Current formula:
Base: Q(1), Q(2), Q(3), Q(4), Q(5), Q0G(1), QOH(1),

E("a’), ECb"), E("c’), E("u”), EC'v"), E("d"), Ec("a"), Ec("b"),

Euo("u"), Euo("v"), Eo("a"), Eo("b"), Eo("c"), Eo("d"),

dG(1, "u", 2), dG(2, "v", 4), dG(4, "b", 2), dG(1, "a", 3), dG(3, "b", 2),
dG(4, "a", 3), dG(3, "c", 5), dG(5, "d", 1), dG(5, "e", 4),

FG(1, "a"), FG(1, "u"), FG(2, "v"), FG(4, "b"), FG(3, "b"), FG(4, "a"),
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FG(3, "c¢"), FG(5, "d"), FG(5, "c¢"),

NoFG(2, "a'), NoFG(3, "a ), NoFG(5, "a"), NoFG(1, "b"), NoFG(2, "b"),

NoFG(5, "b"), NoFG(1, "c"), NoFG(2, "c¢"), NoFG(4, "c"), NoFG(2, "u"),

NoFG(3, "u"), NoFG(4, "u"), NoFG(5, "u"), NoFG(1, "v"), NoFG(3, "v"),

NoFG (4, "v"), NoFG(5, "v"), NoFG(1, "d"), NoFG(2, "d"), NoFG(3, "d"),

dH(1, "u", 2), dH(2, "v", 4), dH(3, "b", 2), dH(4, "a", 3),

dH(3, "c¢", 5), dH(5, "d", 1), FH(4, "a"), FH(3, "b"), FH(1, "u"),

FH(2 v"), FH(3, "c"), FH(5, "d"), NoFH(1, "a’), NoFH(z, "a’),

NoFH(3, "a"), NoFH(5, "a"), NoFH(1, "b'), NoFH(2, "b"), NoFH(4, 'b"),

NoFH(5, "b"), NoFH(1, "c¢"), NoFH(2, "c¢"), NoFH(4, "c¢"), NoFH(5, "c"),

NoFH(2, "u"), NoFH(3, "u"), NoFH(4, "u"), NoFH(5, "u"), NoFH(1, "v"),

NoFH(3, "v"), NoFH(4, "v"), NoFH(5, "v"), NoFH(1, "d"), NoFH(2, "d"),

NoFH(3, "d"), NoFH(4, "d")

Questions:
(0) !'qH.39,9qG.40 QOH(qH), Q0G(qG)

? T(qH, qH, qG)

(1) !'qH1.42,9qH2.43,9G.44,e.45 Ec(e), FH(qH1, e), NoFH(qH2, e), FG(qG, e),
T(qH1, qH2, qG)
? dead(qH1, qH2, qG, e)
(2) !'x.47,y.48,2.49,s.50 dead(x, y, z, s)
(3) !'qH1.51,9qH2.52,9G.53,e.54,qtH1.55,qtH2.56 ,qtG.57 T(qH1, qH2, qG),
dH(qH1, e, qtH1), dH(qH2, e, qtH2), dG(qG, e, qtG)
? T(qtH1, qtH2, qtG), dT(qH1, qH2, qG, e, e, e, qtH1, qtH2, qtG)
(4) !'qH1.59,9qH2.60,9qG.61,e.62,qtH1.63 T(qH1, qH2, qG), Euo(e), dH(qH1,

? T(qtH1, qH2, qG), dT(qH1, qH2, qG, e, eps, eps, qtH1, qH2, qG)

(5) !'qH1.65,9qH2.66,9G.67,e.68,qtH2.69,qtG.70 T(qH1, qH2, qG), Euo(e),
dH(qH2, e, qtH2), dG(qG, e, qtG)

? T(qH1, qtH2, qtG), dT(qH1, qH2, qG, eps, e, e, qH1, qtH2, qtG)
================================ Step (0 ================================
Try question 0
New answer has been found:

0: {¢G -> 1, gH -> 1}+134

Terms added to the base: T(1, 1, 1)

Terms used in the base: QOH(1), Q0G(1),

Current formula:

Base : L, T(1, 1, 1)

Questions:

s=ooo=—soooo-oooooooooo-oooo--oooo Step | =ss===sssoososoooo-ooooooooooooooo
Try question 4

New answer has been found:

4: {qH1 -> 1, e -> "u", qtH1 -> 2, ¢G -> 1, qH2 -> 1}+348

Terms added to the base: T(2, 1, 1), dT(1, 1, 1, "u", eps, eps, 2, 1, 1)
Terms used in the base: T(1, 1, 1), Euo("u"), dH(1, "u", 2),

Current formula:

Base : ., T(1, 1, 1), T(2, 1, 1), dT(1, 1, 1, "u", eps, eps, 2, 1, 1)
================================ Step 6 ================================
Try question 4

New answer has been found:

4: {qH1 -> 2, qH2 -> 1, qtH1 -> 4, qG -> 1, e -> "v"}+1220

Terms added to the base: T(4, 1, 1), dT(2, 1, 1, "v", eps, eps, 4, 1, 1)
Terms used in the base: T(2, 1, 1), Euo("v"), dH(2, "v", 4),

Current formula:

Base : ., T(1, 1, 1), T(2, 1, 1), dT(1, 1, 1, "u", eps, eps, 2, 1, 1),

T(4, 1, 1), dT(2, 1, 1, "v", eps, eps, 4, 1, 1)
================================ Step 7 ================================
Try question 1
New answer has been found:

1: {e -> "a", qH1 -> 4, qG -> 1, qH2 -> 1}+584

Terms added to the base: dead(4, 1, 1, "a")

Terms used in the base: Ec("a"), FH(4, "a"), NoFH(1, "a"), FG(1, "a"), T(4,
Current formula:

Base : ., T(1, 1, 1), T(2, 1, 1), dT(1, 1, 1, "u", eps, eps, 2, 1, 1),
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Eo(e),

e, qtH1)

"dr),



Try question 2

New answer has been found:

2: {z -=> 1, x => 4, s -> "a", y -> 1}+222
Branch has been removed

Result: Refuted

4. Conclusion

This paper continues the work on developing a new way of formalizing and solving control
problems for the important class of dynamic systems known as DES. The PCF calculus provides
powerful tools for dealing with sophisticated control problems, and above it was shown how
the PCFs inference helps checking observability of regular languages.

In the future works the PCF-based approach to constructing supervisors for partially-observed
DES will be suggested. Moreover, if the specification language is either not controllable or not
observable, one may be interested in finding the less restricting controllable and observable
sublanguage of the specification. While there are effective algorithms to construct the supremal
controllable sublanguage of the given language, the supremal observable sublanguage does not
exist. Only a maximal observable sublanguage may be found which is not unique in general.
Finding these languages and implementing them in control systems using the PCF-approach is
the line of our future research. Results obtained will be embedded at the different levels of the
hierarchical control system for mobile robots.
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Abstract

Agile project management methodologies are applied in the IT industry. Agile meetings
are the core of agile methodologies and deserve the attention of both researchers and industry
practitioners. The aim of this paper is to present a conceptual model of problems in agile
meetings and their relationship with project issues in the IT industry. Problems are identified
through literature analysis, and the model is based on the interpretation of identified problems
and their relationships. The presented model can be used as a starting point for a deeper and
more comprehensive examination of agile meetings, as well as for the development of
guidelines and software tools for managing potential problems in the IT industry. A conceptual
model can help practitioners understand how important it is to organize a meeting well. We
believe that in the future it would be good to create software that instead of holding daily
standup meetings, employees could write their impressions. We used Visio for modeling. Using
this conceptual model, one can see the problems in organizing meetings and expand the
conceptual model with more problems that can potentially arise.

Keywords

Agile methods, agile meeting problems, conceptual model, project, software industry

1. Introduction

A project is a temporary undertaking that has a beginning and an end. It is undertaken to create a
unique product, service or result. A project is an enterprise that is started to meet market demand, to
take advantage of business needs, to satisfy customer requirements, etc. Meeting the project
deliverables without compromising its quality, scope and time frame within a limited budget is the key
to project success. Project management is the most important tool that every organization needs to fulfill
to achieve project results [1]. Today, agile methodologies are mainly used for project management.
Agile software development (ASD) is an umbrella term for a set of incremental and iterative
development methods [2]. In recent decades, the adoption of ASD has been extremely fast in the
software industry worldwide [2, 3, 4]. ASD has a clear emphasis on people and a rapid response to
change [2, 5]. The main goal of the methodology is to deliver the product to the customer on time [6,
7]. Some other specifics of agile methodologies can be highlighted, such as: monitoring project progress
through the organization of meetings, client feedback is discussed at meetings, frequent meetings take
a lot of time for project implementation, etc. [8] Meetings are necessary during project implementation.
Meetings are events where everything should be discussed and potential problems should be prevented
and problems solved. In industry surveys [2, 9], Scrum was identified as the most commonly used agile
method. Henriksen et al concluded that publishing an agile manifesto increased the success rate of agile
software development projects [10]. Given that agile methodologies are able to provide innovation and
competitiveness, further research is encouraged to find new ways to reduce failure rates [10,11].
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Since in recent years there has been a boom in research in the field of agile methodologies, in the
software industry there is a need for clear guidelines on agile implementation and new issues, where
there is a great focus on organizing meetings, all in order to increase the success of projects.

Based on the above, the goal of this paper is to present a conceptual model of problems in agile
"meetings", their relationships, as well as the relationship with project problems in IT companies. The
rest of the paper is structured as follows. The second section outlines related work in the area of
conceptual models in agile methodologies. The third part presents a conceptual model of problems with
agile meetings and their relationship with project issues in IT companies. The fourth section contains a
discussion of the model, research implications, and validity of the research. The final part contains
concluding remarks and directions for further research.

2. Related work

“Conceptual modeling is the activity of deciding what to model and what not to model — ‘model
abstraction’. A conceptual model is a non-software specific description of the computer simulation
model describing the objectives, inputs, outputs, content, assumptions, and simplifications of the
model” [12,13]. Shakya et al. consider the size of the project as a critical success factor, which contributes
to the success of the project through the successful implementation of agile methodology in a software
company in Nepal. It is predicted that "project size™ will have the greatest impact on "ability to respond
to change"[1].

A study conducted by Silvius et al. [14], plans to investigate the relationship between sustainability
considerations and the perception of project success. Based on a literature review of the two main
variables, sustainability and project success, a conceptual model for the study was developed that
showed that the relationship between sustainability and project success is not a simple one. In the model,
nine dimensions of sustainability are identified and the measures for project success are clustered into
six criteria. With this model, a more detailed understanding of how considering different dimensions of
sustainability may affect the individual criteria of project success.

3. Methods and development of conceptual model

Conceptual modeling is the abstraction of a model from a real or proposed system [15,16]. This
process of abstraction involves some level of simplification of reality [15]. In this paper, a conceptual
model was created based on the literature analysis. The development of the conceptual model is based
on the analysis of published works that were collected and analyzed by using a method for systematic
review of literature [17], which was done for the purposes of the doctoral dissertation. Selected studies
are used for the development of a conceptual model that present relationships between problems with
agile meetings and project issues.

Meeting issues and project issues are represented in the conceptual model in Figure 1. The
relationships between meeting issues and project issues are highlighted by dashed lines. Meeting issues
are marked with blue ellipses and project issues are marked with gray rectangles. Problems from one
group are also related to each other. Problems in meetings are connected with blue lines, while problems
of a project nature are marked in black. All the problems of individual meetings are explained in the
following subsections, as well as the relationship between these problems and project issues.
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Figure 1. Conceptual model of agile meeting problems and relationships with project issues

The model shows the problems from the meetings identified in references [6,17,18,19,18,20,21,22]:
meetings take a long time; information is not shared between all team members; negative attitude of
team members towards meetings (reduces job satisfaction, trust, well-being); less time was spent on
task coordination (more was spent on working out some other problematic issues). Also, the model
shows project issues: project complexity and project size [1,23], client/customer satisfaction [1,24,25],
and Technology, Infrastructure and tools [26,23,27].

3.1. Agile meetings problems

Based on the literature search, there were several problems related to meetings.

3.1.1. Take too long

In the searched literature, the meetings lasted a long time. It may happen that the meetings are longer
than planned, but there are benefits from such meetings. Empirical evidence shows that many
respondents complained that meetings took too long [6].

3.1.2. Information not shared between all team members

In a study [22] that describes and interprets the lived experiences of agile developers with daily
stand-up meetings based on the experiences of 19 professional agile developers, developers who have
experience with such meetings say that they were too short to enable clear identification and resolution
of problems or lacked meaningful outcome. With experienced developers, meetings were too short to
facilitate clear problem identification and resolution, or lacked a meaningful outcome. Older developers
experienced these meetings differently than younger developers in terms of sharing information, taking
an interest in others' work, monitoring progress, and facilitating decision making.

3.1.3. The negative attitude of team members toward meetings
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Team members believed that meetings are held frequently, attitudes towards meetings became
negative [6]. A subsequent study [28] included 60 members from 15 teams in five countries. Many team
members have had a negative experience leading a meeting, which reduces job satisfaction, trust, and
co-workers' well-being. A study [19], involving three companies in Malaysia, Norway, Poland and the
United Kingdom, was conducted to obtain personal attitudes about meetings. The factors that most
contributed to a positive attitude towards the daily stand-up meeting were the sharing of information
with the team and the opportunity for discussion and problem solving. The factors that most contributed
to the negative attitude are reporting the status to the manager and too high frequency of meetings and
too long duration compared to other work activities.

3.1.4. Less time was spent on task coordination

Stray et al. [21] analyzed eight daily meetings of two software development teams. On average, only
a small percentage of each meeting was focused on development tasks. They found that the majority of
meetings were spent on working out problematic issues and discussing possible solutions. Very little
time was spent on task coordination.

3.2. Project issues and problems

Based on the literature search, there were several problems related to project problems.

3.2.1. Complexity and size of the project

Shakia et al. [1] believe that when organizing a meeting, it is important to take into account the
complexity and size of the project. If it is a bigger project, it takes more time to complete the whole
project and generally more people are involved in the project.

3.2.2. Client/customer satisfaction

In the study by Uikei et al. [24], where the data was collected from a sample population of project
managers from different software organizations, who apply agile methods in the development of their
projects, the emphasis is on the customer or product owner, who represents an important subject in the
development of agile software. It is very important to organize meetings so that the product owner
agrees with the customer. It provides product requirements and information and ultimately approves
the working software. According to the author's research, most of the time the customer is actively
involved [24].

3.2.3. Infrastructure, technology and tools

In the study by Stadler et al. [26], more than half of the respondents stated that poor infrastructure
and Internet availability were one of their biggest problems. It is very important to hold quality meetings
through technology, especially when it comes to geographically distant teams. Communication and
collaboration in distributed teams build on reliable internet connectivity technology like communication
hardware and software. A regularly reported issue is the lack of those requirements like an unsteady
network connection which massively impedes synchronous and frequent communication, in turn having
a negative impact on coordination and control. Their results show that applying agile methods in
distributed teams with low geographical distance poses no problem but rather brings forth several
benefits. Common agile practices were mastered successfully by replacing face-to-face communication
with a variety of digital communication channels. These practices not only improve the software
engineering process but furthermore pose additional communication channels and information radiators
which in turn improve collaboration. Daily meetings and general meetings of short duration (with
durations typically not planned much longer than one hour) are done smoothly with audio or video
conferencing. When it comes to informal, complex communication situations on the other hand, all
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interviewees reported that they prefer to bring their teams together in one physical location if possible.
Interacting with remote colleagues is done with the excessive use of collaboration and management
tools which function as information radiators to keep distant team members informed. Although no
substantial barrier, there are aspects that require increased attention like the scheduling of meetings or
extra effort to uphold communication between sites [26,12]. Inconsistency of tools among teams is one
of the problems in the study by Beecham et al. [27]. There can be an unfortunate interaction between
geographic distance, temporal distance, and technology [27].

3.3. Relationships between agile meetings’ problems and project issues

The fact is that meetings often last a long time. This can happen due to the complexity and size of
the project. Usually, large projects involve more people and therefore it is more difficult to organize
meetings, and when they are organized they can last longer because there are more people and more
ideas and the like. Because of all this, people can develop a negative attitude towards meetings. As a
result, it may happen that not all information is shared at meetings that would be important for some
employees and that less time is spent working on specific tasks. Also, meetings can last longer because
it can happen that the teams are not in the same location, so it is more difficult to agree on everything
because they are not in daily live contact, and communication can be difficult, for example, if the
Internet connection is not good. If communication is difficult, it might be forgotten to share all the
information that some team members would need, then some team members would waste a lot of time
in meetings instead of solving their tasks, and thus would create stress in people and a negative attitude
towards meetings. In addition to all this, it is important that the client/customer is involved in the project
and that their requirements are respected because the goal of the project is to deliver the product to the
client/customer on time. If meetings last longer and slow down the entire process of project
implementation, where employees spend less time on project implementation, i.e. concretely solving
tasks, it can affect the client/customer who may become dissatisfied.

4. Discussion

Based on the literature review, the conceptual model with relationships between the mentioned
problems was created and described. From the conceptual model it can be concluded that it is necessary
that the organizer of the meeting (project) influences the duration of the project, so that only important
issues are resolved at the meetings. It would not be desirable for meetings to last a long time because
employees will spend a lot of time in meetings, and they will have less time to solve their tasks within
their working hours, and this leads to employee dissatisfaction and possibly to worse results. In addition,
it is necessary to plan the meetings well, considering that some projects can be large where more
employees are engaged, so there may not be a need for all those employees to be at those meetings and
the like. Also, it is advisable to ensure that all information reach every person for whom it is important.
In addition to all this, the requirements of clients/customers should not be neglected because the ultimate
goal is to deliver a quality product to the customer/client on time. The customer/client should be
satisfied with the product.

4.1. Research implications

In this section, the research implications for practitioners from industry and researchers from
academia will be discussed.

This conceptual model can be used by industry practitioners. Although this conceptual model
contains only specific project problems and problems that arise in meetings, it can help practitioners
understand how important it is to organize a meeting well, because it is very important that the
employees of the company do not feel bad, as well as because the clients feel satisfied. Also, this could
help practitioners to understand that they should try to automate the meeting process and thus make it
easier for employees since they have a lot of meetings and need a lot of time to do personal tasks. It
would be desirable to create software that instead of holding meetings, would allow each of the

62



employees to write their impressions and thus reduce attendance at meetings, but would still provide
important information for all members.

Researchers can learn a lesson from this work on how to create a conceptual model based on
literature analysis of specific problems. This study by Davies et al [29], found that Visio is clearly the
best tool for modelling business systems. We used that modelling tool. Using this conceptual model,
researchers can see some of the problems in organizing meetings and expand this conceptual model
with more problems that can potentially arise. Furthermore, the presented conceptual model can serve
as a starting point for a more detailed examination of the problems in organizing meetings.

4.2. Validity of the research

Although stated implications indicate several benefits of this work, the authors are aware that there
exist some constraints that affect the validity of the research. Therefore, reliability of the research
findings can be increased by discussing constraints that affect validity of the study [30], which includes
considering internal and external validity.

Internal validity relates to all activities performed during the research that leads to construction of
the research findings. These activities relate to finding relevant studies, extracting data, construction of
the conceptual model and its discussion. For the selection of studies, we followed guidelines for
performing systematic literature reviews [31], and clearly describe the whole process. We applied
inclusion/exclusion criteria and quality assessment criteria to minimize this type of threat to select the
most relevant literature. It is possible that we missed some case studies that were published in digital
libraries we did not search. However, our aim was to search the most influential libraries in which
papers are published after rigour review process. Data extraction from available papers was difficult
because many studies did not explicitly mention and explain each of the problems we observed,
requiring interpretation of the data, which includes personal bias. This threat was minimized by having
some of the issues appear in multiple papers (by different authors). In addition, all authors of this paper
participated in the discussion and development of the findings, and finally agreed on the defined
problems in the conceptual model.

External validity relates to the generalizability of the findings presented in this study. The findings
relate to problems in meeting organized in projects that apply agile methodologies, and therefore,
applicability in projects that implement other methodologies (in general, waterfall-based
methodologies) is questionable. However, majority of recent projects and research in IT industry are
based on agile methodologies, which increases generalizability of the presented conceptual model. In
addition, the detailed description of the process that leads to construction of the conceptual model can
be used for developing similar conceptual models for other aspects of managing IT projects, which
additionally increases the usability and generalizability of the presented study and findings.

5. Conclusion

This paper discusses the importance of agile meetings and the problems that may arise during their
implementation. This is shown with the conceptual model. The model was created based on the
literature analysis. The advantage of this model is that managers and employees in IT industry can see
specific problems that occur in projects, as well as problems related to meetings, where they can more
easily recognize which of these problems are potentially occurring in their companies. Well-conducted
meetings are of great importance for projects and companies in general. At well-organized and
conducted meetings, people will come to common solutions that are important for the project, none of
the employees will feel bad, they will not think that they are wasting time because the meeting facilitates
the understanding of all tasks. Also, it is important to have the right technology and tools for the job. If
the teams are remote, the communication needs to be really good and the teams have the right
technology to communicate. All these issues influence the fact that all tasks are done in a good way and
that the clients are satisfied with the final outcome.

In the future, the authors will develop a more comprehensive model that will also represent other
issues related to the meeting, such as human resources issues or external factors. The research findings
of this study build a strong case for the need to rethink how meetings are conducted in the IT industry
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and how to mitigate or prevent problems in practice. Future work will also be directed toward
developing guidelines and software tools to assist IT professionals in avoiding and solving problems
related to agile meetings.
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Abstract

The paper presents the periodic monitoring problem for a group of mobile agents. The problem is to
construct reliable group route for agents providing the required quality of the operational area coverage
and ensuring well-timed return of each agent to its point of primary dislocation. Besides the fact that such
points (depots) are required to place individually as a part of the of problem solving, an additional feature
of the task is probabilistic nature of the coverage procedure itself. A mathematical model of the described
problem is formulated in terms of cyclic vehicle routing problems. An evolutionary algorithm together
with a specialized set of genetic operators and heuristics have been developed and software-implemented
for its effective solution.

Keywords
vehicle routing problem, cyclic routing, variable multi-depot, probabilistic area coverage, hybrid evolu-
tionary algorithm

1. Introduction

Operational coverage challenges in different formulations regularly arise in a variety of fields,
ranging from smart farms and environmental monitoring to search and rescue operations and
even air defence missions. In general, the coverage problem assumes two implementation
options: using a static surveillance system covering the entire monitoring area, and using a
group of mobile vehicles. Due to the high resource intensity of the first approach, it is the use
of mobile, mostly autonomous vehicles that are becoming an increasingly popular option [1].

Since the radius of action and the number of such vehicles (agents) are usually insufficient to
simultaneously cover the entire area under surveillance, their collective travel route has to be
constructed so as to cover it sequentially (step-by-step) in a minimum number of movements
[2]. At the same time, the large-scale nature of coverage tasks creates a number of difficulties in
solving the problem of constructing effective group trajectories. The most complicated among
them are constraints imposed by the limited resources of the operating agents.
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2. Problem formulation

Let O be a continuous operational area, which is required to be monitored on a regular basis.
For the sake of clarity, in the following examples we will consider a rectangular operational
area O = {(z,y)|x € [0,X],y € [0, Y]}.

Inside the area O there is a network of m control (dislocation) points V' = {v1,vo, ..., vm },
v; € O, i = 1,m connected by a network of roads E. Thus, G = (V, E) is a connected
undirected graph of m vertices fully located within the operational area.

The monitoring task is carried out by the group of n identical mobile vehicles (agents)
ai,asg, ..., a that are able to detect unauthorized objects. Being located on any control point
v € V, an agent provides area coverage within the range of the detection equipment r. The
probability of the object detection is inversely proportional to the distance and is defined
by a function p(v, (x,y)) € [0, 1]. The most common example of such a function is a linear
decreasing function p = 1 — min(d, r)/r, where d stands for the distance between the agent
and the object.

Each agent can travel on the graph G on a discrete-time 7' = {Tp, 11, 1%, ... }. Between two
time steps an agent can either remain on its position or traverse exactly one edge (and only if
the edge length does not exceed the given value L). At the same time, the first option (idle) is
undesirable since the agent’s static position makes it easier for tracing, which may eventually
threaten the safety of agent and of the entire operation.

Since the travel resource of each agent is bounded by ¢ time steps, several maintenance
stations (so called depots) must be deployed at some dislocation points in order to support
uninterrupted monitoring of the area. Thus, each agent must always start its movement from
the depot and return there by the end of ¢ time steps. In this paper, we do not consider the
resource costs of deploying the depots and assume that any number of them can be arranged.

Hence, the group route for the problem is in the following form:

R :<(U11, V12, eny Ult), (U21, V22, «.ny ’Ugt), . ('Unla Un2y vy ’Um)>, (1)

where v;; € V,i=1,n, j = 1,t. The coverage efficiency is defined as the average probability
of detecting a random object within the area O at each time step:

F(R) =) {Pj(x,y)l(z,y) € 0}/tSo € [0,1], (2)

Jj=1

where So is the area of the operational area, and P;(z, y) estimates the probability of detecting
an object in (z, y) by all agents from their positions according to the step j of the group route
R. Here the probability of detection by the whole group is calculated as the probability that a
situation will not occur where no agent detects an object:

n

Pi(z,y) =1 - [J(1 = plvij, (2,1)))-

i=1
This leads us to the following vehicle routing problem: to form a set of n cyclic routes of
length ¢ (1) that would provide the most efficient coverage (2).
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3. Evolutionary algorithm

To solve the suggested problem we propose using a problem-based modification of genetic
algorithm. When implemented correctly, such population-based approaches allow for efficient
construction and reconstruction of feasible high-quality solutions at low time costs. In addition,
it provides high scalability and flexibility along with wide hybridization capabilities to address
the essential features of the problem [3].

The designed variation of the genetic algorithm is equipped with a set of problem-oriented
constructive and improvement heuristics and uses a Monte Carlo-based fitness function with a
penalty component for feasibility violation. The algorithm treats group routes (1) as chromo-
somes, changing and combining them gradually to find the nearest to the optimal one.

3.1. Fitness Function

Since it seems inefficient to directly evaluate the coverage quality (2) for the entire monitoring
area in terms of computational and time costs, two variants of the operational area discretization
can be proposed. The first traditional option is using a sampling grid with a given cell size c.
The second approach is to use the Monte Carlo method, randomly rearranging s sampling spots
each time a calculation is required. In this case, the number of spots can vary from generation
to generation, depending on the required accuracy and calculation speed. The spot number also
defines whether the focus on the exploration or exploitation of the search space will prevail. In
addition, we can manipulate the distribution function for those cases in which the whole area
coverage importance is not uniform.

Thus, we propose to estimate the coverage effectiveness of the group route R through
the average probability of non-detection of a random set of s objects located at points

{(z1,91), ..., (s, ys)} correspondingly:

S

AR =D Pilag,ye)/ts € 0,1]. (3)
j=1k=1

When genetic operators rearrange vertices, the feasibility of the routes themselves may be
violated, causing agents to travel along non-existent roads or to fail in returning to the depot at
the end of the cycle. One could simply forbid such damaging changes, or conduct a specially
written restoration procedure, but in our experience, it is preferable to keep such solutions and

charge them with a penalty fee as follows:

n t

fa(R) = Z(\l — (v, o) + )11 = l(viﬁ”ij—l)’)? (4)

i=1 =2

where [(v;, vj) returns the travel distance between two dislocation points (minimal number

of time steps required to get from one to the other). Using a penalty function (4), we penalize

agents both for traveling on invalid graph edges, for not returning to the depot and for idling.
Thus, the final fitness function is a weighted sum of two functions (3) and (4):

F(R)=w-(1— fi(R)) + fo(R) — min.
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3.2. Constructive and Improvement Heuristics

Most intelligent meta-heuristic algorithms use custom-designed constructive heuristics to
generate an initial population of reasonable quality. We propose using two different heuristics
that consistently generate routes for one agent after another following the corresponding
procedure:

+ The first heuristic builds a random path on a graph G for each agent ¢ starting from a
random dislocation point v;; and may end up being unfeasible;

« The second "feasible" heuristic firstly defines a random depot station v;; for each agent 1,
then defines a random transitional point v;e such that [(v;1, v;e) < t/2, and then connects
these two dislocation points by two different shortest paths, if possible.

A standard three-step scheme of selection, crossover, and mutation are used to reproduce new
solutions. Firstly, a 2-way tournament gives a chance to different-quality solutions to undergo
procreation. Then the uniform crossover generates offspring solutions by choosing n random
agent’s routes from two parents. Finally, the multi-mode mutation is applied to slightly change
the resulting solution. The most efficient mode is replacing, which destroys the whole route of
a random agent and then recreates it using one of the constructive heuristics described above.

4. Conclusion

Being software-implemented, the proposed approach has demonstrated high efficiency along
with good reliability and scalability through several conducted series of simulation studies. It
allows for the fast generation of feasible high-quality solutions and their gradual improvement
towards local and global optima. High customizability makes it easy to adapt the computation
process to the specific problem statement. Still, both the proposed mathematical model and the
designed genetic algorithm are open to various possible extensions and developments.
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CepBuc MOHUTOPUHra cdepbl TypUsma TeppUTOPUM Ha OCHOBE
aHanu3a nHpopmaLMOHHDbIX Beb-pecypcos
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AHHOTauuA

B crathe BBIMONHEHa TOCTaHOBKA 3aJaud pa3pabOTKu HH()OPMAIMOHHONW TEXHOJIOTUU
MOHUTOPUHTA C(epsl TEPPUTOPHATILHOTO TypU3Ma, ONHMCaHa KOHIICTIINS CepBHCa,
000CHOBaHBI METOIBI aHAJM3a M BU3YaJM3alUU JAaHHBIX, C(OPMUpPOBaHA OHTOJIOTHYECKAS
MOJICJIb, ONPEJCIICHO COoJepKaHue MH(POPMAIMOHHBIX MaHeled (mamoopoB), peaan3oBaH
MPOTOTHI CEPBHCA, MPEJACTABICHBI PE3yJlbTaThl cOOpa, OOpPabOTKHM W TpEICTaBICHUS
MOJMYYEeHHBIX B pe3yibTaTe KCCICAOBAaHMS NAaHHBIX. B HacTosmee BpeMs B paMKax
MPEIIOKCHHOW KOHIICTIIINK CEPBHCA PEANN30BaH TPOTOTHI (QYHKIHU «(POPMUPOBAHUE
TYPUCTCKOTO TTPOWIS TEPPUTOPHI» Ha TIpuMepe baiikanbckolt Tepputopun. B nanpHelnem
IUTAHUPYETCS Pa3BUTH NAHHBIA CEPBUC M HAITOJIHUTH €T0 JAHHBIMU COTJIACHO IPEAI0KeHHOM
KOHIICTIITHH.

Kntouesble cnoBa
Typu3sm, OTKpHITbIE UCTOYHHKH JAHHBIX, MOHUTOPHHT, OHTOJIOTHSI, HHTEIPALIUs T€0JaHHbIX,
aHaJlu3 TeKCTOB, BEO-CepBUC

1. BeeaeHue

Typuswm siBisieTcst oqHON M3 HanOoJee OBICTPO PACTYIUX OTpaciieil MUPOBOH 3KOHOMHKH, BaYKHBIM
HMCTOYHUKOM BATFOTHBIX MMOCTYIUICHHUH U pab0YHMX MECT, TECHO CBSA3aH C COMATBHBIM, JKOHOMHUYECKAM
M DKOJOTHMYECKWM OJIaroroiiydreM CTpaHbl. BceMupHas TypuCTCKas OpraHU3aIus Ompezenuia
MOHSTHE YCTOWYHBOIO TYpPH3Ma: «TYPHU3M, B IIOJHOW Mepe 00ecTIedNBAIONINN YIET er0 HBIHEITHUX U
OyIymImxX SKOHOMHUYECKHX, COIMATbHBIX W OKOJOTUYECKUX TIIOCIEACTBHIA TPH YAOBICTBOPEHUU
MOTPEOHOCTEN TYpPUCTOB, MHAYCTPUH TYpHU3Ma, OKPYXKAIOIMIEH Cpelpl W MPUHUMAIOMIUX OOIIHNHY.
JocTmkenne yCTOWYHMBOTO TypH3Ma — 3TO HEMPEPBIBHBIN IPOIEcC, TPEOYIOMUil MMOCTOSHHOTO
MOHHTOPHHTA BO3JICHCTBYSI M MIPUHATHAS HEOOXOAMMBIX ITPEBEHTUBHBIX W/WIIA KOPPEKTUPYIOIINX MEp,
KOT/1a 3TO HEOOXOTUMO.

CymiecTByIOT pernoHaJIbHBIE CHCTEMBI MOHUTOpHHTa (0OcepBaTropum), Hampumep, shapetourism,
KOTOpasi B BUJI€ HHTEPAKTUBHBIX KapT MIPEICTABIISIET HHCTPYMEHT WHTEPIPETAIINN JUHAMHUKH TypHU3Ma
Ha OCHOBE YETHIpEX HM3MEPEHWH: pemyTaluy, NpPHUBIEKATeNbHOCTH, KOHKYPEHTOCIIOCOOHOCTH U
YCTOWYHBOCTH, u OXBaTHIBAET 52 CTpaHBbI CPean3eMHOMOPCKOTO pernona
(https://www.quantitas.it/data/shapetourism/build/index.php). Jlpyroii BHI cHCTeM — 3TO CHCTEMBI
MOHHTOPWHTA OTHENBHBIX IOCTONPHMEUYATeNIbHOCTEH WM TEPPUTOpPUi, HampuMmep, B ABCTpaiud
(https://www.destinationnsw.com.au/about-us), [lopryramuu [ 1], Kurae [2], ®panuuu [3].
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Takum oOpa3oM, B MHUpe OmpeAeNeHa Melb Pa3BUTHA YCTOWYMBOTO TYpHU3Ma, OTMEYEHO, YTO
peanm3anys TaHHOW IIeITH BO3MOKHA TOJIBKO TP OCYIIIECTBICHIH TOCTOSTHHOTO MOHHTOPHHTA TAHHOM
cdepbl Ha OCHOBE BCECTOPOHHHX JTaHHBIX.

HeobOxommmo oTMmeTnTs emie oauH (akTop — 3TO 3HAYHTEIHHOE yBENIWYeHHE 00beMa JaHHBIX,
CBS3aHHBIX €O cdepod Typm3Mma. JlaHHBIe co3maroTcs B cpeme VHTEpHET TYPUCTHICCKUMH
areHTCTBaMH, TYPUCTUYECKUMH OOBEKTAMH W MOTPEOUTENSIMU TYPUCTHYECKHUX yCIyT. MMmerommuecs
JTAaHHBIE XapaKTePU3YITCS MaCCOBOCTHIO, PA3HOPOJIHOCTHIO, MHOTAA Cc1a00# CTPYKTypHPOBAHHOCTHIO,
HEMOJHOTOW W TPOTHBOPEYMBOCTHIO. B3phIBHOE yBenWueHWE KOJNWYECTBAa JaHHBIX CO37aeT
MOTPeOHOCTh B Pa3pabdOTKe METOJIOB M MPOTPAMMHBIX MHCTPYMEHTOB JUIS MHTETPAIMH HCTOYHUKOB
JTAHHBIX, TIONCKA PEJIEBAaHTHBIX JAHHBIX, HX U3BJICUEHUS U HHTepIpeTanuu [3].

Lenpto nmaHHON pabOTHl SBIAETCS ONMCAHWE KOHIEMIIMM CEPBHCA MOHUTOPHHTA TypHU3Ma
HpkyTckoii ob0macTh, Kak dYacTH baWKabCKOW TEpPUTOPHH, OMpEISICHHE METOIOB W CPEACTB
TEXHOJIOTHH pealn3aliy JIaHHOTO CepBUCAa W TIPEJCTABIICEHHUE OTHENBHBIX pPE3yNbTaTOB €ro
MPOTOTUTTUPOBAHUSI.

2. Typusm UpKyTCcKoi obnactm

UpxyTtckast 001acTp SBISETCS OTHUM U3 KpyHMHEWIX pernoHos Poccun. FOro-BocTouHas rpanuia
HpkyTckoii obmactn IpoXoauT 1Mo o3epy batikan [4], koTopoe B 1996 rony Opl10 BHeceHO B CIICOK
00wekToB Beemupaoro nacnenus FOHECKO [5].

besycinoBHO 03epo baiikan sBiseTcs OOBEKTOM TPHUTSKEHUS TypucToB. B  HarmmonambHOM
TypuctrueckoM peiituare-2021 MpkyTckas o0acTh 3aHsu1a 15 MecTo M BOIIIa B 30JI0TYIO ABAANATKY
PETHOHOB, HanOOJIee MPUBJIEKATEIHHBIX ISl OTEUYECTBEHHBIX M MHOCTPAHHBIX TYPUCTOB [6].

B rteuenme mocnemHmx 20 JeT YMCIEHHOCTh Pa3MEMIEHHBIX JIMI B KOJUIEKTUBHBIX CpPEICTBAaX
pasMelneHns 00J1acTH HEYKIIOHHO pociia ¥ B 2019 romy npeBsicria 1 MITH. 9elToBeK, a MX JOXOIBI B
2021 r. cocraBmmu 6877621,3 thIc. py0. JlaHHBIA (haKT CBHUACTEIHLCTBYET, C OJHOM CTOPOHBI, 00
aKTUBHOM pa3BUTHU chepsl TypusMa B MpKyTcKkoi 006acTu, a ¢ APYyroi — O MOBBIIIEHAN Pa3THIHBIX
JKOJIOTHYECKNX PHUCKOB HAa TEPPUTOPUM YHHUKAIBHOTO MPHUPOJHOTO O0bekTa. MOHHTOPWHT H
yIpaBleHHE JaHHBIMI PUCKAMHU SIBIIIETCS] HACYIITHOM 3a/1a4ei.

3. KoHuenuua cepBuca MOHUTOpPUHra cdepbl Typusma

Jus pemeHust 3amadv MOHHTOpWHTA chepbl Typu3Ma Ha 3aJaHHON TEPPUTOPHUH Ha OCHOBE
OTKPHITHIX JaHHBIX TpeAsiaraercsi pa3paboTarb CepBHUC, 00ECTIEUMBAIOIINN BHIITOIHEHUE CIIeTYIOIINX
(hyHKITHIA:

1. OmnepatuBHOE TmoONy4YeHHE WHPOPMAIMA O  COIHMAIHHO-IKOJIOTO-dKOHOMUYECKHX
MOKAa3aTeNAX PEerHOHANBHOTO Typm3Ma (00beM ToKaszareneil mupe Habopa MmokasaTrernen
ouIHMaIHHON CTATUCTHKH U MOYKET COOMPATHCS OTEPATHBHO B PEXKUME OHJIAMH B OTIHYNE
OT BO3MOKHOCTEH cOOpa JaHHBIX B pe3yibTaTe aIMUHUCTPATHBHOTO YIIPABICHNU):

e (opmHupoBaHHE TyPUCTCKOTO MPOGUIS TEPPUTOPHUH (PETHOHA, pailoHa, MECTHOCTH):

O BUIABI Typu3Ma (PEKpEanOHHbIN, COOBITHIHBIA, YKOIOTHIECKHHA, STHOTpaA(UIECKHIA,

AKTHUBHBIN, ACJIOBOH, CEIbCKUM, NETCKUNA, BOAHBIA U KPYU3HBI, COUUAIBHBIA TypHU3M,
CaMOJIEATENbHBIN, J1e9e0H0-03I0POBUTEILHBIA, AKCTPEMAIBHBIN, MMAJIOMHUYCCKHUH,
KYJIbTYPHO-TI03HABATEbHBIN, TACTPOHOMHUYECKHUH 1 p.),

O «OpeHIB» TEePPUTOPHH, ITOCTONPUMEUATEIHHOCTH (MY3€H, PEUTHO3HBIE OOBEKTHI,
00BEKTHl  MPUPOTHO-3ATIOBEAHOTO  (OHIA, OXOTHHUYBC-PHIOOJIOBHBIE OOBEKTHI,
OOBEKTBI  CEBCKOTO, MPOMBIIUIEHHOTO, JI€JIOBOTO, BOEHHO-TIATPHOTHIECKOTO
Typu3Ma, TOPHOIBDKHEIE O0OBEKTHI),

TUIOMIAIKA JJ1s1 HAOJIOACHUS 3a IPUPOIOH,
TYpUCTHYECKHE COOBITHS,

TypUCTHYECKHE MapIIPYTHI,
JKOJIOTUYECKUE TYPUCTCKUE TPOIIBI,
9KCKYPCHH,

0O o0O0O0O0
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O TypUCTHYECKO-WH(POPMAIMOHHBIE [IEHTPHI,

O 0OBEKTHI pa3MEeIeHHS,

O TpPaHCHOPTHBIC YCIYyTH, TPAHCHIOPTHAS JOCTYITHOCTD,
O 00BEKTHI O0IIECTBEHHOIO IIUTAHUA,

O KJIHMMAT,

®  OIEpaTUBHBIA MOHUTOPHHT (B TOM YHCJIE HEOPTAaHM30BAHHOIO TypU3Ma)

O BHUIOB TYPUCTHYECKUX yCIYT (MIPOIYKTOB),

O TYPUCTHYECKUX MMOTOKOB, MX HANIPABJICHUS U TNIOTHOCTb,

O TYPUCTHYECKHX MapUIpyTOB,

O OT3BIBOB JUIS BBISBICHHS HMX TOHAIBHOCTH M TmpobieM B cdepe Typuma
(?KO0JIOTMUECKHX, TPAHCIIOPTHBIX, Ka4eCTBa OKAa3bIBAEMBIX YCIYT, KX O€30TIaCHOCTH),

O peKkpeanroHHON  (AHTPONOTeHHOW)  HArpy3Kd  TEPPUTOPUH,  OIpEelicHHe
9KOJIOTHYECKOT'O PUCKA,

O HaceJeHHs, 3aHATOTO B Typu3Me (KOJIMIECTBO pabodmx MecT, 00pa3oBaHHE),

O pelTuHTa peruoHa (paioHa, MECTHOCTH),
O BIHUSHHS SKCTPEMAaTbHBIX COOBITHH (TaHAEMUs, JIECHBIE MOXKaphl — HAJTUYWE JIbIMAa,
rapem).
O MOHHTOPUHT
O MEeCT HEOpTraHM30BAHHOTO OTJBIXa HA OCHOBE PACIO3HABAHUA KOCMUYECKHX CHUMKOB
(pa3merieHne B majaTKax),
O HEYYTeHHHIX B O(HIHMAIHLHOM pEEecTpe TYypUCTHUECKHX ©0a3 (MecT pa3MemeHus
TYpPHCTOB) Ha OCHOBE PACIO3HABAHHS KOCMUYECKUX CHUMKOB,
O uH(OPMAIIMOHHOH HOMYJIAPHOCTH JOCTONPHUMEUATEIIbHOCTEH,
e paiioHHpOBaHuE (PAHXKUPOBAHUE) TEPPUTOPUIA:
O crenuaiu3anus BUJI0B TYpU3Ma,
O IIJIOTHOCTH TYPUCTUUYCCKUX ITOTOKOB,
O peKpealoHHas Harpy3Ka,
IToanep KKy NPUHATUS PELIEHUH 71 MAJIOT0 U CPEIHErO MPEANPUHUMATENLCTBA!
oTpejieNieHre TePPUTOPUH JUTst Or3Heca,
BHIOOD, 000CHOBaHUE U (OPMUPOBAHHUE TYPUCTHUCCKHUX MTPOAYKTOB JIJIsl OU3Heca,
Ilonnep Ky TPUHATHS pPELIEHHH s KIHNEHTOB TYPUCTHYECKHUX YCIYr — TM0AOop
TYPUCTUYECKUX IIPOLYKTOB.

B Hacrosiimee Bpems CyIeCTBYIOT Pa3InIHbIE CIIOCOOBI pean3aiiy CEPBUCA H OPTaHU3AINH K HEMY
o0IIero MocTyma, Ha4WHAs OT CIyXO, TPEJOCTaBISIOMINX pa3jWdHBIe yCIYTH 1O apeHae WU
pa3MeIIeHno COOCTBEHHOT'O 000PYI0BaHMS B TaTa-IEHTPaX M 3aKaHIUBas 00JaYHBIMHA TUTaT(GopMamu,
MpeIaraloIiMA TOCTYT K BEIYHACIUTEIHHBIM pecypcaM WiH cepBucam 1o cxeme «Infrastructure as a
Service» (IaaS) mmu «Platform as a Service» (PaaS). Ilpm co3maHuy TPOrpaMMHONW CHCTEMBI
HEOONBIION TPYNIoW pa3paboTIMKOB (WCCiemoBaTenei) Hambosee IMPEAOYTHTEILHBIM SBIISCTCS
ITOAX0/1, OCHOBAaHHBIM Ha UCIIOJIE30BAHUH CEPBUCOB 00IaUHBIX TUTaT(GopM. JlaHHBIH BEIOOp 00YCITOBIICH
CIEeNYIOMUMHI (PaKTOpaMH: OTCYTCTBHE HEOOXOIMMOCTH YCTaHOBKH, HACTPOWKH WM COIPOBOXKICHUS
WCTIONB3YyEeMBIX TPHU (YHKIIMOHUPOBAHUH IIENIEBOW MPOTPAMMHON CHCTEMBI CPEICTB U OMOIHOTEK;
OTCYTCTBHE HEOOXOIMMOCTH 3aKYIKH OOOpPYIOBAHHS W CO3MAaHUS COOCTBEHHON WHOPACTPYKTYPHI;
CHIDKEHHE pHCKa IPOEKTa, T.K. IMPOIECC HWCCIESMOBAHHUS IIPEAIOJaraeT BBICOKYIO BEPOSTHOCTh
CYIIIECTBEHHBIX M3MEHEHUI TpeOoBaHWIl M (YHKIIMOHAIEHOCTH IEIEBOH MPOTPAMMHOTO CHCTEMEI;
BO3MOXKHOCTh aBTOMaTHYE€CKOTO MacIITaOMPOBaHUS MPH YBEIWMUSHHH HArpy3KH IIPH WCTIOIB30BaHHUH
MPOrPaMMHOM CHUCTEMBI.

Hawnboiee nmommy isipHBIME 00J1aYHBIMHA TUTAT(hOpMaMu B HaCTOSIIEE BpeMs ABJITI0TCS «Amazon Web
Services» (https://aws.amazon.com), «Google Cloud Platform» (https://cloud.google.com), ograxo, ¢
TOYKH 3pEHUs yA00CTBa WCIONB30BAHUA, B YACTHOCTH, TOIEPKKH PYCCKOTO SI3bIKa, OOecTieueHHe
TpeboBanmit @3-152 PD mo 3ammre mepcOHANBHBIX AaHHBIX, HAHOOJIEe IEIeCO00pa3HBIM SIBISICTCS
HCITOJIB30BaHUE OOJAYHBIX TUIaT)opM, YUIUTBHIBarOIMX crenuduky Poccuiickoit ®enepanmm,
Harmpumep, «VK  Cloud»  (https://mcs.mail.ru/cloud-platform) wmu  «Samekc.Ob6mako»
(https://cloud.yandex.ru). ITlociaemnsss miatdopma Hambojiee NPEANOUTHTENbHA, HWCXOIS U3 ee
(yHKIIMOHANBHOCTH. B mpomecce pa3paboTKu cepBrica mpeyiaraeTcs npo0IeMHO-OpUEeHTHPOBAHHbBIE

we e
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GbyHKIMA 0POPMUTH B BHAC HE3aBUCHUMBIX BBIUMCIUTEIIBHBIX OJIOKOB — DIIEMEHTOB «OeccepBepHOU
(serverless)» WHPPACTPYKTYphI, HHTETPAITUS KOTOPHIX, BMECTE C PEIIeHUEM CTaHAAPTHBIX 3a7ad I10
o0ecITeueHUIO XpaHEeHNS TaHHBIX U OTOOPaKECHUS PE3yIBTaTOB X 00pabOTKH, OYIET OCYIIECTBIICHA C
ITOMOIIBIO CYIIECTBYIOIINX CPEICTB 00IaYHON IIaT(hOPMEL.

B Hacrosmiee BpeMs B paMKax MpPEIOKEHHON KOHIEIIMH CepBUCA pean3yeTcss (QyHKIUsS
«popMupoBaHHE TYPUCTCKOTO PO TEPPUTOPUN» Ha TTpuMepe bailKkabCkoil TeppruTOpHH.

4. UCTOYHUKN MHPOpMaLumn

B Hacrosimee BpeMst opUIHaTbHBIE CTATUCTHYCCKHUE IAHHBIE O COCTOSIHUU PETHOHALHON chepbl
Typusma bBaiikanbCKOro permoHa He OTPaXKAKT IMOJHYI WH(QOPMAIHIO O CPEACTBaX pa3MelICHUS,
00BEKTax MATAaHUs, 0Ka3bIBAEMBIX YCITyTax U UX KadecTBe U T.1. [7-10]. OxuH U3 TIIaBHBIX HETOCTATKOB
3THX JAHHBIX — 3TO OTCYTCTBUE WX TOYHOW TEPPUTOPUATBLHONW TPUBA3KH sl OOecrieueHUs
BO3MOHOCTH OIEHKH PEKPEAIIMOHHON HArpy3KH pacCMaTPUBACMO TEPPUTOPHH.

B pabote mpesmaraeTcs NPOBECTH aHAIN3, BBIABUTH HH(GOPMAIMOHHYIO MOJENb JAHHBIX,
OCYIIECTBUTh WX COOp, WUHTETPAIMI0 M BU3YAJM3ANHUIO M0 PA3IUYHBIM KPUTEPHSIM CIIETYOIIUX
WCTOYHUKOB JAHHBIX: CAalT areHTcTBa 1Mo TypusMy HpkyTckod obnacth, BeO-pecypchl 0OBEKTOB
pasMeleHus 1 00IIeCTBEHHOTO MTUTAHHUSI, OT3BIBBI IPYIII CONUANBHBIX ceTelt BkonTakTe n OK.

5. MeTtoabl c6opa u 06paboTKM faHHbIX

st peanmmzaruu GyHKIHHA cepBuca (OPMHUPOBAHUS TYPUCTHUECKOTO TPOMOHIIST TEPPUTOPHH
HEOOXOMMO PEIINTh 33a9i cOOpa JaHHBIX, X CTATUCTHYECKON 00pabOTKH M BU3yaTH3allHH.

5.1. MeTtoabl cbopa AaHHbIX

[lonmy4yeHne naHHBIX BEO-pECypcOB B OCHOBHOM BBIIIOJHSETCSI C WCIIOJIb30BAaHHEM CIIEAYIOIINX
METO/IOB: OHJIAlH OIPOCHL, 3aMpockl k 0a3zam naHHbIX, API (Application Programming Interface) — ato
nHTepdeiic oOMeHa MaHHBIMH MEXIy NpHUIOXKEeHHsIMH, web-scraping (ckpamuur). s perreHus
MOCTaBIICHHBIX 3amad web-scraping sBisiercs HambOosee mepcrneKTuBHBIM. I[Ipomecc web-scraping
COCTOHWT W3 OCHOBHBIX 3TamoB [11, 12]:

1. H3BiedyeHue pa3METKH CTPAHUIIBI B€O-UCTOUHUKA, YTO OCYIIECTBIIETCS C UCIIOIb30BAHUEM
HTTP-3anpocoB Kk pecypcy U COXpaHEHUEM IOIYYEHHBIX NAHHBIX B INEPEMECHHYIO WIH
(hatimer koma HTML BeO-cTpaHuITbL.

2. Wzsnedyenne uHpopmanmm u3 cTpykTypsl koga HTML ocymiecTBisieTcsi Ha OCHOBE TIOMCKA
[0 3aJaHHOMY IIyTH K 3J€MEHTaM pa3METKU KOJa: Ha3BaHUIO TEroB, aTpUOYTOB U HX
3HAYEHUH.

3. CoxpaHeHHe JaHHBIX B CTPYKTYPHPYEMOM BHJIE U JaTbHEUIIast UX 00paboTKa.

4. OTNIMOHAEHO: TIOBTOP ICHCTBHA.

B pamkax Texymiei paboTbl MOKHO OTMETHUTh OCOOEHHOCTH JIFOPUTMa PeaIu3alud METOZA: €ro
YHHMKaJIbHOCTb Il K)XKJOI'0 MCTOYHHUKA JAHHBIX U HEOOXOAMMOCTh C TEUEHHEM BPEMEHHU BHECEHMS
M3MEHEHHUH, T.K. pa3MeTKa caiiTa MOXKET MEHSITBCS €ro pa3padoTUNKaMH.

5.2. MeTtoabl OUUCTKU U UHTErPaL UM AaHHbIX

CoOpaHHblE JaHHBIE W3 Pa3IMYHBIX HMCTOYHMKOB HAa OCHOBE pa3paldaThIBA€MBbIX OHTOJOIMH
MOJBEPrarTcsi 00paboTKe, B TOM YHCJIE ONIMOHAIBHO T'€OKOAMHIY (€CIM HEM3BECTHBI KOOPAWHATEHI
00BeKTa) M TpeoOpa3oBaHUAM C IENBI0 TOJYYeHHS CIHCKa YHUKAITBHBIX 00BekToB (PucyHok 1).
Pyunast npoBepka HaOopa AaHHBIX HEOOXOAMMA, IOCKOJBKY B Pa3sHbIX MCTOYHHMKAX BCTPEUAOTCS
3aIucH 00 OTHOM U TOM K€ O0BEKTe ¢ OIIMOKaMHU B HAIMCAHWU 3HAYCHUI pacCMaTpUBaEeMbIX CBONCTB.
Ilo npeHTHUIMPOBAHHBIM 3HAUYEHUAM HAXOAUTCS MAKCHMAaJIbHAs AUCTAHLUS MEXAY KOOpIAUHATAMU
3anucel, KOTOPYIO OIpeelsieM Kak oporoBoe 3HadeHue. [lanee ocymecTBIsIeTCsl TOMCK ONMKanIe
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3alKCH IO CPETHEMY 3HAUEHHUIO HOPMUPOBAHHBIX [TOKa3aTeNIel IUCTaHIUi: paccTosiHue JIleBeHmTeiHa
UCTIOJIb3YeTCsl IPU NOMCKE Ha3BaHWH OOBEKTa, HACENEHHOIO IyHKTAa, aapeca W AWCTAHLUS MEXIY
KoopauHaTamH 1o opmyse XaBepcHuHa.

Ilocne wnneHTHdUKanIMK OOBEKTOB BBIIONHAIOTCS PAcueThl CPEAHUX 3HAYCHUH CTOMMOCTH,
MOJIb30BATENICKUX OLIEHOK (PEHTHHIH), CYMMHMPOBAaHHE KOJIMYECTBA OT3BIBOB, OIpElEICHHUE
KaTeTOpUH yCIyT U UX MOIYISIPHOCTH.

Ipeno6paboTka raHHBIX

Jlanmbie IIpuBenenue THIIOB
HHPOPMAIIMOHHBIX - V
Beb-pecypcoB
v

Perynspusie

| | F Mogayss «Translatorsy»
| TlpuBeeHIE K PyCCKOMY SI3BIKY I—

Vuudukanus 3Ha4eHUH CBOWCTB s BBbIPAKEHHS.
K DOBpHUCTHYECKHE
Hanmenosanue v BPHCTHHCCKH
METObI
HUCTOYHHMKA NaHHBIX, | | IIpuBenenue K eAMHBIM €AUHHUIIAM H3MEPEHH
nata cbopa JaHHBIX T
\/— | IpoBepka Ha TyOIHKaThI |
— > 7 FT——
aboratommii ¢ API
; T'eoxonauur P
baza nanubx reokozepa

WuTerpanus 1aHHbIX

U3BiieueHue U3 aipeca HACENEHHOTO MyHKTa, |7 BubHoTeka
JIMIBI U TOMa

YIHUBL 1 I l% «Natasha», Moy

«AddressExtractor»

i
Orpe/iesieHne OPOroBOiA MOTPENIHOCTH
KOOPIHMHAT

Monynbs UHTErpanuu
nanubix (Python)

Paccrostnus
JleBeHiTeitHa,
XaBepcuHa

—9| WuTerpanus 3anuceil Npy HX paBeHCTBE l—w

WHnTerpanus 3anuceii mo 61M30cTH 3HAUCHUN
U pPa3HUILIbI KOODZ{I/IH%/T, MEHBIIIEH mopora

| Pyunas npoBepka JaHHBIX |

PMCYHOK 1: dtanvl AIFOPUTMa NHTErpaunm AaHHbIX U3 HECKOJZIbKUX MCTOYHUKOB

5.3. MeTtoabl aHaNM3a TEKCTOB (0T3bIBOB)

[TomrydeHnHbIe naHHBIE B BUIE KOPOTKUX TEKCTOB (OT3HIBOB) M3 COIMAIFHBIX CETEH MOIBEPTAIOTCS
CJIEYIOIIUM dTaraM 00paboTKH (IaHHBIN pa3zel moaAroTosieH ¢ yuactueM MBana [loxayOHoro, email:
poddubnyylv@yandexru ORCID: 0000-0002-2431-8692):

[ToaroroBka mMaHHBIX K aHAIHM3Y BKIIOYAET MCKIIOUYEHHE WHOCTPAHHBIX TEKCTOB WM HMX
IepeBo.

2. ToxeHm3arms TeKcTa — pa30OHeHIe TeKCTa Ha OTJENbHBIE CJIOBA, UCKITI0YAst BCE OCTAIbHBIC
3JIEMEHTHI (3HAKW MYHKTYaIlMH, CMAMIIBI U IPYTHE CUMBOJIBI).

3. Brmenenne nMenHbpix cymHocTedl (Named Entity Recognition, NER), B koHTekcTe
pemraeMoil 3a7adu OMpeAeNieHHE JIOKAIMH TMOIYJSAPHBIX MECT OTABIXa, C ITOMOIIBIO
oubmmoTeku Stanza [13].

4. JlemMmarn3anusi TeKCTa — TPUBEACHHE CIIOB B HA4YaJIbHYI0 (OPMY WIH CTEMMHHT —
BBIJIETICHHE OCHOBHI CJIOBA.

5. VYpanenwe cTON-CcIOB (BBICOKOYACTOTHBIE CIIOBA, KOTOPHIE HE HECYT CYIIECTBEHHOMN
nHpOpMaIun).

6. dopMmupoBaHUE CIIOBAps pEIIacMON 3aJavd, YTO ITO3BOJISECT IMPOBECTH CEMAHTHUCCKHIMA
aHallu3 TEKCTa JUIsl OINpENENEHUs: CYIIHOCTEW, JEHCTBUM, ONMHUCAHWUN C MOPUBSAZKOH K
JIoOKalusiM — 0a3a 3HaHUH o ¢uiope U (ayHe, 00beKTax HHPPACTPYKTYPhl M IPYIHX
XapaKTEePUCTUKAX TEPPUTOPHUH.
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7. CeHTUMEHT-aHaJIN3 TEeKCTa — OIpelesIeHMEe TOHAJBHOCTH Ha OCHOBE KiacCH(UKaluu
XapakTePUCTUK Ha KJACChl «HEraTUB» M «IO3UTHB», YTO IIO3BOJUT JOIOJIHHUTEIHEHO
BBLIETTUTH MTPOOIIEMBI U IPEAIIOYTEHUS JTOKAUH (TEPPUTOPHH).
Kaxnp1ii aTan aHanu3a Tekcra (TOKEHU3aLus, JIeMMaTH3alusl, CAHTAKCUYECKUI aHaJIN3, BbIIEJICHUE
MMEHOBAaHHBIX CYIIHOCTEH) OCYIIECTBIISIETCS C TIOMOIIBI0 HEHPOHHBIX CETEH.

5.4. MeTtoabl BU3yanmsaumm gaHHbIX

OcHOBHOI1 3a/1adeil BU3yalnn3alny SBIsieTcs 00ecneueHue MoIIePKKA TIOTB30BaTeNs B MPoIlecce
BOCTIPUATHS, TIOHUMAHHAS W OCMBICIIEHHUS WH(popManuu 1 (OpPMHUPOBAHHUS HOBBIX 3HAHHIA, a TaKXKe
obecrnevyeHrne MUHIMHU3AIWN YCUIIHN TI0 BHITIOJTHEHWIO KOTHUTUBHBIX 327124 B CPABHEHUHU C TEKCTOBBIM
MpENICTAaBICHNEM JaHHBIX. J[s BU3yanmmzanmuu M 0O0paOOTKH JaHHBIX BCE OONBIIYIO aKTyalbHOCTH
MPHOOPETAIOT TEXHOJOTHH O0NavHbIX BhIYHCIeHNH — Bl-cucrembr/mmatdopmsl (Business Intelligent
System), KOTOpBIE 00ECTIEYNBAIOT: BO3MOXKHOCTh aHATTM3UPOBATH M OTOOPAXKATH PA3INIHBIE TaHHBIC 1
nH(pOpPMAIHIO, CBSI3aHHBIE C paccMaTpruBaeMoi 3aiadeil. Cpean CyIecTBYIOMUX MIaTGOPM BRIIEINM
Tableau, Power BI, Yandex Datalens u np. Jlanubie mnaTgopmbl 00J1a1at0T CIEAYIOUIIM OCHOBHBIM
(YHKIIMOHAIOM: BU3yaJIM3alys JaHHBIX, aBTOMATUYECKHH TOMCK 3aBUCHMOCTEH W CKPBITHIX
B3aMIMOCBSI3€H, CO3JaHWE WHTEPAKTHBHBIX OTYETOB, TIyOOKas aHAIWTHKA, WHTETPALUS C IPYTHMH
nactpymentamu (Excel, Google Sheets), mammuaHOE 00ydeHMe.

Hannaple cucreMbl MMO3BOISIIOT  3(G(EKTHBHO BU3yaJM3WPOBaTh JaHHBIE C  ITOMOIIBIO
nH(pOPMAITMOHHBIX TaHeneil (Tak Ha3bIBaeMBIX mamoopaoB, ¢ aHrid. dashboard — «mpubopHas
MAHENb)»), COCTOSAIINX M3 HECKONbKHX TI'pad)KOB M AMAarpaMM C BO3MOXKHOCTHIO HHTEPAKTHBHOTO
B3aMIMOJECHWCTBUS C TOIH30BATEIIEM.

B caywae, korma cepBUC CO3JaeTC Ha MHOrO(YHKIMOHAIBHON IuIaTdopMme, TaKoi Kak
SAnnexc.06mako, ToO 1eIec000pa3HO UCIOJIB30BATh CPEIICTBO BU3YAIU3AlMH TAHHOHN TUIaTGopMbl —
Yandex Datalens.

6. Peanusaumusa cepsuca MOHUTOPUHIA

[Ipennmaraemyro TexHojorwio cOopa, OOpPaOOTKM W TPEACTaBICHHUS COIHMAIFHO-OKOJIOTO-
SKOHOMHYECKHX JaHHBIX 00 OMEepaTUBHOM COCTOSIHWU PETHOHAIBHON CheEpbl Typu3Ma IUIaHUPYETCS
peanm3oBaTh C MOMOIMIBIO CPeACTB oOnagHOW mmatdopmbl «SHAekc.O0mako» Ha OCHOBE MOIXOZA
MHUKPOCEPBUCHON apXUTEKTYphl. B KadecTBe CpeacTBa peanm3aliid BBIYHCIUTEIHHBIX OJIOKOB
mpeIaraeTces ucronb3oBaTs obmaunsie GyHkumu («Cloud Function»), mist opraHuzaiuu KaHAJIOB
oOMeHa TaHHBIMU — ouepean coobmiernii («Message Queue»), s o0Iel naTErpauu ceppuc — «API
Gateway», s xpanerust JaHHbIX — PostgreSQL [14].

Texymiee BUI apXUTEKTYPBl IPOTPAMMHOMN CHCTEMBI, PEATH3YIOIIEH TpeiaraeMylo TeXHOJIOTHIO
otobpaxeH Ha Pucynke 2. Ilpomecc cOopa mHpOpManny OpraHW30BaH Ha OCHOBE ABYX Odeperiei
co00IeHui, Te mepBasi odepenb, COAEPKUT WH(GOPMAIMI0 00 WCTOYHHKAX, KOTOpble Tpedyercs
00paboTath B BUE «OIHO COOOIIEHNE — OJMH HCTOYHUKY, HampuMep 3anpoc K API cormanbHoi cetn
«BKonrakre» u ero mapamerpsl (Pucynok 2, 3amanus Ha W3BIeUeHHE HHGPOpPMAIUW), a BTOpas
COIEPKUT Pe3yJIbTaThl 00paOOTKH, KOTOphIE TpeOyeTcs 3amucath B 0a3y maHHbIX PostgreSQL B Buje
«coobIenne — ojHa CTpoKa IeneBoi Tabmuiey (Pucynok 2, Odepenp BBoAa maHHbIX B BJI). Jlms
00pabOTKH COOOIICHUH B OYEPEIH MCIIOJIB3YETCS BCTPOCHHBIM MEXaHHU3M TPHUITEPOB, KOTOPBIH
oOecrieurBaeT Iepenady cooOIIeHUui B 00JauHyi0 (YHKIHIO-00pa0OTYMK B BHJE MacCHBa C
(PUKCHPOBAHHOM MaKCHUMAaJIbHOM IIMHOW. J[j1s M3BIeYeHUs MHPOPMALMKA M3 BHEIIHHUX HCTOYHHUKOB
HCOB3yIoTCs caenyromue ¢ynkmun: get vk() u get ok(), 4ToObl ChOpMHPOBATh JaHHBIC MMOCTOB
CO00IIecTB ¥ KOMMEHTapHeB K HUM W3 COIMANBHBIX ceTed. J[ns 3ammcu MaHHBIX B 0a3y AaHHBIX
UCTIONB3yeTCsT BapuaHT KomrmoHeHTa data-controller w3 mnardopmbl aBTOMATHU3AlUK  CO3JIAHUS
WHTEIUIEKTYalbHBIX cucTeM Kak cepBuca (Al PaaS) [15], ucmonp3yromuii CHUMOK COCTOSHUS
CTPYKTYPBI 0asbl JaHHBIX [1JI1 MHHHMH3AINN TpeGyeMBIX nmpaB A0CTylla MW IMOBBINICHUSA
OBICTpOJICHCTBHUS. B 1mTaTHOM pekuMe yIpaBlIEHUE MPOIECCOM J100aBICHHS COOOIICHUH B OYepe/ib
«3aaHus Ha U3BJIeUeHUE HHPOPMAITUI» Pealn30BaHo B pamkax crenudukanun API Gateway, otHako
JJIA HY XX TCCTUPOBAaHUA U OTJIAAKHU Y paSpa6OT‘II/IKOB CYHIECTBYET BO3MOXKHOCTb JOCTYIIA K OUCPEAAM
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B PeXHME «TOJBKO 3aIlMCh» (BBIIETICHO IMyHKTHPOM Ha PucyHoke 2) Ha ocHoBe BcTpoeHHoro HTTPS
nHTepdetica ouepean.

PaspaGork : 3amaHus Ha @
{ S . [——= H3BIeUYeHHEe
—0 . \% ‘ uH}OpMAaIHI Yandex DataLens:

> API Gateway :
ITomp30BaTeNh -\ Q E Ouepems BBOA HCTOYHHKOB

,,,,,,,,,,,,,,,,, 7\ HTTPS sseasiaa ——= Tpuceep \L
3amnpoc jy

6‘113’"(171[3‘(7!/1[3 u <’
aHanuz OaHHsvIxX

A < JaHHBIX H3
BHEITHHX
A4
IaHHBEIX B BT
- @ :

Tpuecep —> Kracmep
PostgreSQOL
KoMIoHeHT greSQ;
> YVIIpaBIeHHA
JaHHBIMH

PUCYHOK 2: ApXuUTEKTYpa NPOrpaMmmHOMN cUcTeMbI

WuTerpanust oTaenbHBIX 0JI0KOB B MTPOrPaMMHYIO CHCTEMY BEITIONHSIETCS Ha OCHOBe cepBrca API
Gateway mytem cozmanms crnenudukanuu B ¢opmare OpenAPI 3.0, xoTtopas mo3Boiser B
JeKITapaTHBHOM MPECTaBUTH PYHKIINH [IEI€BOI IPOTpaMMHOI crcTeMbl, B Biae Habopa URL anpecos
1 yKa3aTh KakuM 00pa3oM OyZIeT OCyIIeCTBISThCS 00padoTKa MOCTYHAIOIINX Ha 3TH aJipeca 3alipocoB.

7. Pe3ynbTtatbl c60pa u aHanM3a gaHHbIX

B nacrosmiee Bpemst cobpana u 06paboTana nHPOpPMALIKS O CIEAYIOMINX TyPUCTHIECKUX O0BEKTax:
KOJUIEKTUBHBIX cpeicTBax pasmernieHus — 1163 (685) (komamuecTBO 00BEKTOB, O KOTOPBIX coOpaHa
nH(pOpMaIHs, B CKOOKaxX — KOJIMYECTBO WACHTU(HUIIMPOBAHHBIX OOBEKTOB, BKIFOUAS TEOJOKAIHIO),
ycyrax — 61 (16), o0bpexTax obmecTBeHHOT0 TuTanusg — 809, mocronpuMedareapbHOCTIX — 395 (352),
TYPUCTHYECKHUX MAPIIPYTaX U IKCKYpCUsix — 94.

PeanmzoBanbl nH(QOpMAIIMOHHBIE TTAaHENH (AIOOPIBI):

0 KOJUIEKTHBHBIX CPEJICTBAX Pa3MeEIICHUs U UX YCIyTax C BO3MOXHOCTBIO (DMITBTPAITHH 110
pPEUTHHTY (OT «IUIOXO0» JI0 «BEJIMKOJIEITHOY ), HACeJIEHHBIM ITyHKTaM/pailoHaM U KaTeropuu
yCIIyT: OTOOpakeHHWEe KOJWYECTBA CPEACTB pPa3sMEIIeHWH W CpedHei CTOMMOCTH IO
HACEJIEHHBIM ITyHKTaMm/palioHaM B BHJIE KOMOMHHMPOBAHHOTO TpaduKa, KOJUIEKTHBHBIX
CpEeJICTB pa3MeIIeHNs B BUI€ KapThl MPOTIOPIINOHATIFHBIX 00BEKTOB 110 HOMEPHOMY (OHITY,
KOJIMYECTBA CPEACTB pa3MeNIeHNH TI0 KaTerOPHH/TIOAKATETOPUH YCIYT B BHI€ CTOIOYATON
JMarpamMmbl ¥ TETUIOBOM KapThl,

00 00BeKTaX 0OIIECTBEHHOTO IMUTAHUS ¢ BO3MOXXHOCTBIO (DMIIBTPAIIAH IO paifloHAM U THITY
KyXHHU: OTOOpaKEHHE KapThl MPOIOPIIMOHATBHBIX 00BEKTOB OOIIECTBEHHOT'O TUTAHUS TI0
cpemHeMy YeKy WM THUIy KyXHH, arperupoBaHHBIX KOJMYECTBEHHBIX IOKa3aTelell o
HACEJICHHBIM MyHKTaM/palioHaM JIJIsl OIIMCAaHUs TEPPUTOPHI II0 3aJaHHOM Mepe (Hoporue-
JIEIIEBBIE, TI0 KOJTMUYECTBY 00BHEKTOB OOIIIECTBEHHOTO TUTAHMS) B BU/Ie KOMOMHUPOBAHHOTO
rpaduka, TEIIOBOM KapThl IO KOJHMYECTBY O0OBEKTOB OOIECTBEHHOTO IMUTAHUS B pa3pe3e
paliOHOB M THIIA KyXHH.

O IOCTOIMPUMEUATCIIbHOCTAX W MOITYJIIPHBIX MECTAax OTHAbIXa: OTO6pa)KeHI/Ie Ha KapTc U
obecrieyeHue BO3MOKHOCTH MOy YeHUS OIMHCATEIIbHOM uHpOpMaIH 0
JOCTOIIPUMECUATECIILHOCTAX, INNIOTHOCTH TOYEK )IOCTOHpHMeaneJIBHOCTeﬁ, TIOIMYJIAPHBIX
MECT OTAbIXA,

0 TYPUCTHYECKHUX MAPIIPYTax M IKCKYPCHUSIX C BO3MOXXHOCTBIO (MIBTpALlUK 110 Ha3BaHUIO
MapuipyTa: OTOOpakeHHE Ha KapTe HACENICHHBIX ITyHKTOB, TJIé OpTaHHU30BaHBI
TYPUCTHUUYECKUE MAPLIPYTHI UIIU 3KCKYPCUH, U CXEM MAPLIPYTOB U 3KCKYPCHM.

8. 3aknwueHue
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B crartee BHIMONHEHA TIOCTAHOBKA 3a7addl  Pa3pabOTKA WHGOPMAIIMOHHOW TEXHOJOTHU
MOHHTOpPUHTA CQepbl TEPPUTOPUATBHOTO TypWU3Ma, ONFCAaHA KOHIENIMS CepBHCa, OOOCHOBAaHBI
METOJIBl aHAIM3a W BU3yalU3allil JaHHBIX, CPOPMHUPOBAHA OHTOJOTHYECKAs MOJENb, OMPEIEICHO
colepkaHre HWHMOPMAIMOHHBIX TaHeNnedl (JamOopaoB), peamn3oBaH IMPOTOTHII  CEPBHCA,
MIPENICTABICHBl PE3YyJIbTaThl CcOOpa, OO0pabOTKM ¥ TIPENCTABICHUS TIONYYCHHBIX B peE3yJbTaTe
WCCIIEIOBaHNS JaHHBIX. B HacTosimee BpeMs B paMKaxX NPEUIOKEHHOW KOHIEHIINH CepBHCa
pearm3oBaH MPOTOTHN (PYHKIHUN «(POPMHPOBAHHE TYPUCTCKOTO MPOMUIS TEPPUTOPUN» HA TIPUMEpE
Baiikanbsckoil TeppuTopuu. B nanpHeieM MIaHUPYETCs pa3BUTh JAHHBIM CEPBHUC U HAIIOJHHUTH €TO
JTAHHBIMU COTJIACHO MPEI0KEHHOW KOHIIETIIIHH.

Pabora BemomHseTCS mpU moaAepkke mpoekta Poccuiickoro HayuHoro ¢ouma Ne23-28-00844
«MonuTOpHHT c(epsl PETHOHATBHOTO TypH3Ma Ha OCHOBE aHajM3a [aHHBIX W3 OTKPBITBIX
VMCTOYHHUKOB.
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Abstract

Ensuring the portability of designed solutions is one of the priority tasks of digital integrated
circuits’ development. The paper proposes a method for designing logic circuits using an
architecture-independent functional parallel programming language. A subset of this
language is presented for designing logic circuits of varying complexity. On the basis of this
subset, algorithms for the synthesis of logic circuits, limited and unlimited in size, have been
developed.

Keywords
Parallel programming, functional-flow language, logic circuit, HDL, algorithm

1. Introduction

Recently, there has been a trend towards the complication of digital integrated circuits (IC). Most
of the methods for developing IC are tightly tied to a specific implementation platform, so even when
making minor changes to the program, it is often necessary to completely rewrite the code. Therefore,
the task of ensuring the portability of designed solutions is the highest priority in the digital circuits’
development, including combinational circuits, which are the basis for the construction of integrated
circuits. Portability allows the developer to optout of being tied to the target implementation platform
that provides more efficient solutions for key product specifications such as speed, chip area, etc.

To design digital ICs, it is more efficient to use functional languages that have a more powerful
abstraction mechanism compared to imperative languages [1]. The solutions can be found in such
languages as Wired [2], Haskell (library Lava)[3], Chisel [4].

One of the approaches that ensure the portability of the designed solutions is the use of the
functional-flow parallel model (FFPM) and the corresponding programming languages [5]. Therefore,
if we present combinational logic design algorithms using FFPM, then the most technically effective
solutions can be achieved.

2. Functional-flow model and language

The developed method for designing logical circuits is based on FFPM. The model is based on the
concept of infinite resources and supports implicit control of data readiness, which makes it possible
to ensure its resource independence of the designed solution.

The FPPP model is given by the triple:

M = (G, P, So),

where G is a dataflow graph that defines the structure of the program, P is a set of rules that
determine the dynamics of the model, Sy is the initial labeling of the graph. A dataflow graph (DG) is
a collection of a set of vertices responsible for program-forming operators and a set of arcs that define
links between them. The example of DG is showed in figure 1.
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Or2

Functional-flow parallel programming (FFPP) language supports FFPM and parallelism at the
operation level, which is important for independent, end-to-end design of digital circuits [6]. There
are no cycles in the language, which avoids conflicts when using the same data. Instead of cycles
recursion is used.

Figure 1: Dataflow graph of logic element “Or”

3. A subset of the FFPP language for describing logical circuits

To develop logic circuits in the FFPP language, a corresponding subset was identified in
accordance with the specifics of designing combinational logic on an FPGA (field-programmable gate
array) and the implementation features of the hardware and software on a chip [7].

In the logic design subset, there are only two data types: “int” and “bool”. To develop the logic
circuit programs, the logical data type “bool” is used, in which the argument can take the values true
or false. To carry out auxiliary actions that are not included in the logical circuits, the integer type
“int” is used, while a 32-bit representation is used. The subset also imposes restrictions on the use of
program-forming statements, showed in the table 1.

Table 1
Program-forming operators using in the subset

Operator Description
+ Logical addition (Or)
Logical inversion (Inv)
Logical multiplication (And)
| list length operator using only with “bool” type

*

<, >, <=,=>,5, 1= comparison operators
0,01 listing operators using only with “bool” and “int”
types

Some operators of the FFPP language are absent in this subset, since they are not used to develop
combinational circuits. This design method consists in the development of logic circuits in the FFPP
language and their optimization (architecture-independent level) with subsequent translation into
hardware description languages (architecture-dependent level). The logical circuits developed in the
FFPP language are represented in the form of DG with the help of an appropriate compiler, and then
transferred to specific solutions in the Verilog/VHDL languages. At the same time, the semantics of
the original program and the logic of its functioning are preserved.

4. Algorithm for designing logic circuits in FFPP language

Features of the FFPP language make it possible to develop logic circuits of varying complexity,
limited and unlimited in size. When designing digital circuits at the logical level, two types of circuits
are created: combinational, which are circuits without memory, and automata with memory, the
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output values of which depend not only on the input data, but also on the internal state of the system
[10]. In the case of developing limited combinational circuits, initially in the FFPP language, the
circuits’ design algorithm is shown in Figure 2.

[ Logical elements’ design J

|

Logical circuits’ design

(based on logical
elements)

I

Compiler DG
construction

"ﬂ—{ Optimization

Is optimization
possible?

translation on HDL

‘ Logic circuit’s ’

Figure 2: Algorithm for designing combinational circuits in the FFPP language with translation into a
hardware description language

Initially, functions are created that model the logical elements AND, OR, NOT, AND-NOT, OR-
NOT, XOR. Further, on the basis of these logical elements, combinational circuits of large sizes are
designed. In this case, the description of the same circuit can be done in several ways.

Algorithm for designing logic circuits that are unlimited in size is based on use of recursion. In this
case, recursion is used to set multidimensional repeating fragments [8]. The initially constructed
recursive program involves working with any number of input data. And accordingly, a specific linear
solution for the FPGA is formed at the output.

The algorithm for large combinational circuits in this case consists of several steps:

1. Development of a program for a logic circuit using recursion;

2. To obtain a specific solution for a circuit of a certain size in the developed program, when it

is launched, the parameter N is introduced, which specifies a certain number of inputs and the

amount of elements necessary to solve a specific problem on the FPGA, and the circuit is
transformed into a specific circuit solution.

For example, using the MUX_N program, you can build four-channel, eight-channel multiplexers,
just by setting the input parameter N equal to 4 and 8 (figure 3).

[ Function MUX_N J

N=2 N=4 N

(Multiplexer2 X 1) (Multiplexer4 X 1) (Multiplexer 8 to 1)

Figure 3: Recursive “unrolling” scheme for multiplexer

80



In the case of automaton circuits, such an implementation is impossible, since in this case their
implementation is formed using cycles.

5. Conclusion

The paper singles out a subset of the FFPP model and language for logic circuits’ design. In the
FFPP language, functions were created that simulate the main logic elements and a set of
combinational circuits of various sizes, as well as general algorithms for the synthesis of logic circuits
were developed. For instrumental support of the developed method of designing logical circuits, a
translator is being developed that allows transferring the functions of logical circuits created in the
FFPP language to hardware description languages.
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O npoeKTMpoBaHUM NOTOKa paboTr B nnatpopme co3paHmA
CUCTEM, OCHOBAHHbIX Ha 3HaHUAX
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YUnemumym Ounamuxu cucmem u meopuu ynpaenenus umenu B.M. Mampocosa Cubupckozo omoenenus
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AHHOTauuA

B pabote mpoBenéH aHain3 BO3MOXHOCTH HCIIOJIB30BaHU 110/1X0/1a TIOTOKA padoT B paMKax
paspabaTeiBaeMOil TIaTGOPMBI CO3MaHMS CHCTEM, OCHOBaHHBIX Ha 3HaHWAX. K Hactosmemy
BpeMEHH IuIaThopMa yKe COIEP)KUT KOMIIOHEHTBI ISl OOeclieYeHHs XpaHEHWs IaHHBIX,
MIPOEKTHPOBAHMUS KOHLENTYaIbHBIX MOZIeNel, co3nanus 0a3 3HaHUH MPOITYKIIHOHHOTO THITA 1
PsII APYTHX CHEHHAIN3HPOBaHHBIX KOMIIOHEHTOB. Ha 0CHOBE 0030pa CyIeCTBYIOLINX SI3bIKOB
ONMCAHUSI M CHCTEM YIPABICHHUS IIOTOKAMU PA0OT BBISABJIEHBI KIIIOUEBBIE OCOOCHHOCTH HX
MPOEKTHPOBAHUS, peajn3alid W npuMeHeHus. OOCyXKIAroTCs BOIPOCHI, CBS3aHHBIE C
pa3paboTKoil COOCTBEHHOT0 KOMIIOHEHTA IUIAT(OPMBI, UCIIOJIB3YIOMIET0 MOAEIH U METObI
MOTOKA paboT; yKa3aHbl (yHKIIMOHAJIBHBIE TPEOOBAHMS K TAKOMY KOMIIOHEHTY; PACCMOTPECHBI
0COOCHHOCTH apXHUTEKTYpPhI U pean3alyy MPOTOTHIIa KOMIIOHEHTA.

KnioueBble cnosa
CucTreMbl, OCHOBaHHBIC Ha 3HAHUAX, TOTOK paboT, MporpaMMHas HHKCHEPHS

1. BeBepgeHue

B nacrosmee BpeMmsi cuctemsl, ocHOBaHHbIe Ha 3HaHUAX (CO3), SABIAIOTCA Ba)XXKHBIM 3JIEMEHTOM
coBpeMeHHbIX HH(popManmoHHbIX TexHonoruid. Kak mpasmino, CO3 HCIONb3ylTCs MPH pElICHUH
cnabo popmann3oBaHHbIX 331a4. Hanpumep, B npeaucioBuu [1] ormevaercs, uro npumeHeHne CO3
0CcOOEHHO aKTyaJlbHO B CHUTYalHsAX, KOrjJa oObeM NOCTYHNHOH HMH(pOpMalM{ YpEe3MEPHO BEIHUK JUIS
HETIOCPEACTBEHHOH 00padOTKM JIMI]aMH, TIPUHUMAIOIIUM pEIIEHHs, U B TO K€ BPEMs CYIIECTBYET
MOTPeOHOCTh B TOYHBIX, 0OOCHOBAHHBIX U OOBSICHUMBIX pemeHusk. C TOUKU 3peHUs MPOrpaMMHOM
WH)XeHepuH paszpabotka mpukiaagHoi CO3 MokeT ObITh BBINOJHEHA Ha SI3bIKE MPOIPaMMHMPOBAHUS
00IIero Ha3HAYEHHS WM C MOMOIIBIO CIICIHaIn3UpoBaHHbIX HHCTpYMeHToB (Drools, G2 u T.1.). B
CTaTb€ PAacCMATPUBAIOTCSA BOIIPOCHI, CBSI3aHHBIE C CO3/JaHHWEM OJHOTO M3 TaKUX WHCTPYMEHTOB —
miardopmbl pazpadorku CO3 [2].

[Inardpopma mnpoekTupyercs | pealu3yercs Kak COBPEMEHHbBIH BeO-OpHEHTHPOBAaHHBIN
MIPOTPaMMHBIA KOMITJIEKC I IPOTPAMMHMCTOB, MH)KEHEPOB 10 3HAHUSAM U 3KCIIEPTOB-TIPEIMETHUKOB
n o0ecreynBaeT X HEOOXOJUMbIMH HHCTPYMEHTAaMH B Tpolecce co3aanus npuknagaeix CO3. Ongno
W3 KJIIOYEBBIX TPeOOBaHMH K IUIATOpME — BO3MOXKHOCTH PEKOH(PHUIypaluu €€ apXUTEKTyphl 0e3
3HAYUTENBHBIX YCWIMH 10 TEePEeNUCHIBAHMIO HCXOAHOTO Koaa mpukianHoi CO3. B cBs3u ¢ atum
iatdopma pazpadaThiBaeTCs Ha OCHOBE KOMIIOHEHTHOTO MTOJIX0/1a C OTKPBITON apXUTEKTYpPOH, TE IS
peueHus nmpodIeMHO-OPHEHTUPOBAHHON 3a1a4u (DOPMHUPYETCSI OAMH MM HECKOJIBKO MPOrpaMMHBIX
KOMITOHEeHTOB. Ha Texymuii MOMEHT pa3paboTaHBl W ONMHCAHBI CIENYIOIINEe OCHOBHBIE KOMITOHEHTHI
wiaTGOpPMbI: KOMIIOHEHT YIPABJICHHs JaHHBIMU [2], KOMIIOHSHT MPE/CTaBICHUS U PEAaKTHPOBAHHUS
JaHHBIX [3], KOMIIOHEHT peJaKTUPOBAHKS MOJICITH IIPEIMETHOM 001acTH [4], KOMIIOHEHT pacCyKJICHUS
Ha OCHOBE TpaBHJI [5], KOMIOHEHT NMPOSKTUPOBAHKS areHTHBIX UMUTALMOHHBIX MoJieNiel [6], a Taxke

5™ International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2023), July 03-07,
2023, Irkutsk, Russia

EMAIL: stolboff@icc.ru (A. 1); asd@icc.ru (A. 2); lempert@icc.ru (A. 3)

ORCID: 0000-0001-6513-7030 (A. 1); 0000—-0002—7753—7514 (A. 2); 0000-0001-9562-7903 (A. 3)

@ @ © 2023 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2023 Workshop Proceedings

82



CO3MlaH TIPOTOTHI IMOTOKa pabor [7]. B mamHO# paboTe 0OCYKOAIOTCS BOIPOCHI, CBSI3aHHBIE C
JAIBHEHIIIMM Pa3BUTHEM OJIHOTO U3 KIIFOUEBBIX AJIEMEHTOB IUIAT(OPMBI — KOMIIOHCHTA MOTOKa padboT
(KTIP).

2. O noxoae K pa3paboTKke Ha OCHOBe NOTOKa paboT

[Totok paboT MOXHO paccMaTpuBaTh Kak CIOCOO OpraHuM3aIiu «paboT» (MOIyNed, 3amgad,
NEHCTBUI), CBSI3aHHBIX C HEKOTOPOW OM3HEC-JIOTUKOW. DTy OpPraHU3alMi0 MOXKHO MPEACTaBIATH C
pa3IMYHBIX TOYCK 3PCHUSI, CIIOEB WM MTePCHeKTUB (TepMuH U3 [8]):

e  Croii ynpaBieHHS ONIEpUPYET KOHCTPYKIHUAMU AJ1s1 0OecTieUeHHUs BBITOTHEHUS TapaieIbHOTO

U TIOCJIEZIOBATEIFHOTO BRITIOJTHEHHMS 3a/1a4, B TOM YHCIIE UX Pa3/eieHus U 00beIMHEHNS; HTePALuH

1 BEIOOpA TI0 HUM; CHHXPOHH3AIHH.

e B cioe JaHHBIX PacCMaTPUBAIOTCS BOIPOCHI, CBSI3aHHBIE C IEpefaveil pa3iIWdHBIX THUIIOB

MEpPEMEHHBIX MPH oOMeHe MH(popManued Mexy 3aJadaMH, a Takke C Mpel U MOCT YCIOBUSIMHU

MepexX0I0B MEXIY 3aadaMu.

e B crnoe pecypcoB BHMMaHHE YJeNseTCs TUIAM W CBOWCTBaM pecypcoB (TMPOrpaMMHOE

obecniedenue, 000pyI0BaHUE, IEPCOHAI), UX IOCTYIHOCTH, Ka4eCTBY, TPOM3BOAUTEIHHOCTH.

e B cmoe peanmzanum oOpabareiBacTCsi HHGOPMAIHS O TOM, KaK CHEIU(PUKAINS TOTOKa paboT

MpUBs3aHA K peajbHBIM JEHCTBUSAM UM UCIOIHUTEISIM C TMPUMEHEHHEM NpPOTrpaMMHOTO U

MOJIb30BATENILCKOTO UHTEP(EHCOB MK, HATIPUMED, OTIHCAHHS AOJDKHOCTHBIX HHCTPYKIINH.

B 3aBucHMOCTH OT YpOBHEH 11eJeii ¥ BEIPa3UTEILHOCTH HCIOIB3YEMBIX S3BIKOB OMHCAHHS MO
cnenuduKalys MoToka padoT MOXET COoAepX,aTh OT OJHOrO JO 4YeThipex cioéB. K HacTosmemy
BpPEMEHU B O0JIACTH MCCIIEOBaHHMA, MOCBSIIEHHBIX (popMaNn3My TOTOKY paboT, HAKOIUIEH OOJIBIION
TEOPETHIECKHI 0a3UC: TPEUIOKEHBI pa3HOOOPa3HbIE MOJICITH U METO/IBI IIPOSKTHpoBaHus. Hanpumep,
ceputo myoOaukarmii mox obmum Haszsanuem «Workflow Patterns Initiative» moxHO paccmatpuBath
KaK TOAPOOHBINA CIPaBOYHHK, COAEPKAIIU KIacCU(PHUIUPOBAHHBIC MO0 Pa3HBIM KPUTEPUSM METOJBI
MPOEKTUPOBAHHMS TOTOKA padoT [I].

JInst MomenupoBaHUS TOTOKAa padOT OBUIO TIPEUIOKEHO HECKOJIBKO HOTAMH M S3BIKOB,
o0ecreYnBalONINX OMKCAaHWE IO/ pas3Hble 1enu. Hampumep, ObUT TPEANIOKEH psiA WHTYHTUBHO
MOHATHBIX U BBRIPA3UTEIBHBIX HOTALN 15 Tpaduueckoro 3aganus Mo eneii B Buae quarpamm (BPMN,
EPC, UML AD), nmosny4uBIIHX IHPOKOE pacrpocTpaHenue. TeMm He MeHee Ha JaHHbIi MOMEHT OHH He
MOTYT B TOJIHOW Mepe OBbITh HWCIIOJIb30BAaHHBIMH JJISi aBTOMATHYECKOW TPAHCISIMUA MOJICTH B
ucnonHsembiit kon. Jlpyroe cemeiictBo s3bikoB (BPML, BPEL, WS-CDL, XLANG), nao6opor,
NpeHa3HAYeHO Ui PEeIIeHUsS 3a/laud aBTOMATHYECKOTO DPa3BEPTHIBAHUS MOJEIHM IOTOKa paboT B
HEKOTOPOH HWCIOMHUMON cpere. X HEZOCTATOK 3aKiIOYaeTcss B CIOXKHOCTH  BOCIIPUSTHS
MPOEKTHPOBIIMKOM, OCOOCHHO, HE 00J1aJaf0IIET0 KOMITETEHITUSIMU B 00JIACTH TPOrPAaMMUPOBAHHS HITH
aJIMUHUCTPHUPOBAHHS BBIYHCIIUTENLHBIX CHCTEM. B HacTosIee BpeMsl C IIeNbI0 yCTpaHEeHHs YKa3aHHBIX
HEJIOCTATKOB BEAYTCS Pa3pabOTKH B 00JjacTH co3maHusi HOBBIX s3bikoB (BPDM, XPDL, YAWL) u
MOJU(UKAINHN CYIIECTBYIOIIUX.

JJist TEOpEeTHUYECKOro aHain3a MoToKa paboT TPaJWIMOHHO WCIONB3YIOT Pa3indyHbIe TUIBI CeTeH
[Tetpu (0ObIYHAsS, pacKpalleHHAs, MPEAUKATHAS M Jp.), TJie CION yNpaBICHHUsS pacCMaTPHBACTCS B
TepMHHAX MO3UINH, Tepexo 0B u ayr. Hanpumep, mpu pa3paboTKe THUITOBBIX MOjeIel oToKa padoT
(Standard Workflow Models) [10] na ocHoBe ceteii [leTpu ObUTO TPOBEAECHO CPABHEHUE PA3IUYHBIX
METOAOB POCKTUPOBAHUSI.

J111s1 BEITIOJTHEHHS TIOTOKA paboT pa3padaThIBarOTCs ClieUaIn3uPOBAHHBIE MPOTPAMMHBIE CUCTEMBI,
WCTOPUIO TOSIBIICHUST KOTOPBIX MOXHO pPacCMaTpHBaTh KaK pe3yJIbTaT IMO3TAIHON 3BOIIOIUH
ApXHUTEKTYphl MporpamMM. V3Ha4anbHO MPUIIOKEHUS O00eClednBaId CBOKO (PYHKIIMOHAIBHOCTD
(XpaHeHHe JaHHBIX, TOJb30BATEILCKUN HHTepdeiic, Ou3Hec-TIorTMuKa W T.J.) MOJIHOCTBHIO
camocTosTelnbHO. B manbrelimem B nepuon ¢ 1970-x mo 1990-e rojpl MpoHM30ILIIO MOCTEIEHHOE
BBIJICJICHUE B OTJENbHBIE OJIOKH CHCTEM yIpaBlieHHs O0a3aMH JaHHBIX, I10JIb30BATEIHCKOTO
uHTEpdeiica, a TAKKe HIEMEHTOB AJ1s1 00pabOTKH oToKa pabot. TeM He MeHee, B Cilyyae OTOKa paboT
CYIIECTBOBAJIM OIpPEJIeNIEHHbBIE MPOOIEMBI, CAESPKUBAIOLINE MPOLECC UX MOSBICHUS U 000COOJICHHUS.
Hanpumep, nonroe Bpemsi MCHONb30BaHHE (QopMann3Ma MOTOKa paboT He paccMaTpHBajOCh Kak
NEeHCTBUTEIBHO HOBasl (PYHKLIHMOHAIBHOCTb. KpoMe TOro, oTCyTCTBHE MOJHOLEHHBIX BO3MOXKHOCTEH
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WHTETPAIllil CTOPOHHUX CPEJICTB B PAaHHUX MPOAYKTaX OTIYTHBAT MHOTHUX TOTCHIHAIBLHBIX
noJp3oBatesiell. BaxkHbIM cTHMynHpyomM (GakTopoM MOSIBICHHS U OBICTPOrO PaclpOCTPaHEHHS
HOBOT'O TIOKOJICHHSI CUCTEM 00pabOTKH MOTOKA paboT OBLIO MOSBICHUE BeO- U 00JaYHBIX CPEACTB, a
TaKKe TOCIEIYIOINN OBICTPBIA POCT MPUIIOKEHUH C CEPBUC-OPUEHTHPOBAHHON apXHUTEKTYPOA.

TpaauIMOHHO, OCHOBHOI 00JIACTHIO0 MPHUMEHEHHUS MOTOKA paboT OBbLIM MPHUIIOKEHHUS, CBI3AHHBIC C
SKOHOMHYECKOH JeSTeIbHOCTHIO0. [103TOMY JOCTaTOuHO OBICTPO BBIACTHIICS CHENUAIBHBIN OApa3aAet
— CHCTeMbI ympaBieHusi OusHec-mporeccamu (business process management system, BPMS), uro B
MOCJIC/ICTBUM MPHUBEJIO K MyTaHMIIE B TSPMHUHOJIOTHH. B X0/1e aHanM3a COOTBETCTBYIONIHX Iy OTHKAIUIA
[11-13] mMo3xHO cenaTh BBIBOI, UTO, B HACTOSIIIIEE BPEMSI CIIC/IyET Pa3aeisaTh 3TH TexHojoruu: 1) BPM
— 3TO MPOLIECCHO-OPUEHTUPOBAHHASI TEXHOJIOTUS YIIPABJICHHs, C IPUMEHEHUEM Bo3MoxHocTei UT; 2)
CHCTEMBI YIPABICHUS HA OCHOBE MOTOKa Pa0OT — 3TO TEXHOJOTHS, KOTOPYIO MOXHO BHEIPSTH B
pa3nu4Hble NPoOJIEeMHBIE U PEAMETHbBIC MPUIOKEeHNs. TeM He MeHee ¢ TOUKH 3peHHs MPOrpaMMHON
APXHUTEKTYPBl B COOTBETCTBMH C 3TallaMH XH3HEHHOTO IMKJIA MPOIYKTa CHUCTEMBI YIPABJICHUS Ha
OCHOBE IOTOKA PaboT SBIAIOTCA oaMHOXKecTBoM BPM: mpoekrupoBanne mporecca, KOHGUTYypanus
CHCTEMBI, BHEIpPEHHE IIpoIecca, IUarHocTuka (Toneko must BPM). B Hacrosimee Bpewms
pa3pabaTbiBaeTCsl M aKTHBHO HCIIONB3YeTCS MHOXKECTBO CHUCTEM OOOHMX THIOB. [IpuM 3TOM MOXKHO
KOHCTaTHPOBATh, YTO B COBPEMEHHBIX YCIOBHSX KOMIIOHEHT YIPAaBJICHHUS IOTOKOM PadOT SIBISETCS
TAKUM K€ BaXHBIM W BOCTPEOOBAHHBIM 3JEMEHTOM CJOXHBIX MPOTPAMMHBIX KOMIUIEKCOB Kak
MoJIccTeMBI 0a3 IaHHBIX WITH TOJIb30BAaTEIbCKOTO HHTEpdeiica.

TumoBast apXUTEKTypa KOMIIOHEHT YIpaBlIEHHS IOTOKOM pabOT B COOTBETCTBHM C STAJIOHHOU
monensio Workflow Management Coalition BkiTrowaeT B ceOst:

1. nmoxcucteMy BHEApPEHHS MOTOKA paboT, CONEpXKAIIY0 B TOM YHCIE IBWXKOK HCIIONHCHHS

MOTOKa PadoT;

2. TOACHCTEeMY NMPOEKTHPOBAHUS CHeNH(PHUKAINN TOTOKA padoT;

3. KIMEHTCKHWE MPHUIOKCHUS, T.€. TOUKY JIOCTYIA MOIb30BaTeICH-UCITOTHUTEICH;

4. MHOXECTBO BHEUIHHX CEPBHCOB, KOTOPHIC BBI3BIBAIOTCS KOMIIOHEHTOM B TIpoIlecce

WCTIOJIHEHUSI TOTOKA PaboT;

5. HMHCTPYMEHTHI aIMHHUCTPUPOBAHUS U MOHUTOPHUHTA,

6. HabOp COOTBETCTBYIOIIMX MPOTrPaMMHBIX HHTEpdeHch Mex a1y dneMeHTaMu 1-5.

HcnonHsiemast B HEKOTOPOM CHCTEME MOJEb MOTOKAa PabOT HA3BIBACTCS SK3EMIUISIPOM IMpoliecca.
IIpu 3TOM KOHKpeTHass MOJEb MOXET BBINOJHATLCS C TMOMOIIBIO HECKONBKHX 3K3EMILIPOB,
3aIyCKaeMBbIX OJIHOBPEMECHHO: KaK MPABUIIO, 3TH SK3EMIUTAPHI HE3aBUCHMbBI U HE UMEIOT CCHUIOK JIPYT
Ha ipyra. B HacTosiee Bpemsi cylecTByeT JBa OCHOBHBIX TTOAX0/Ia K pealIn3aliy JBUKKA UCTIOTHEHUS
MOTOKa pabOT: OCHOBaHHBINA Ha TOKEHAX U OCHOBAaHHBIN Ha dK3eMIuIsipax. [IepBhlii OepeT cBOE HavaIo
ot cereii [TeTpu ¥ aKTHBHO UCIIOJIB30BANICS B T OCJIECIHHUE ACCATHICTHA. BTOpON MOAXO0] MONydnI
MOMYJISIPHOCTBIO MO3KE M OCHOBAH Ha 00BEKTHO-OPUEHTUPOBAHHOW MapagurMe nmporpaMMHUpPOBaHUS,
YTO TMO3BOJSIET MOBBICUTh 3()(EKTUBHOCTh WHTETPAllMM TOTOKa pPadOT KakK JIOTOJHUTEIHHOTO
KOMIIOHEHTA B CYHIECTBYIOIIHE CI0KHBIC MPOTPAMMHBIC KOMITIICKCHI.

3. OcobeHHOCTU NpUMeHeHUA NOTOKa PaboT B nnatdpopme

B mpenpiaymieii padore [7] mpeacTaBieHbl MOJIeNb CHEUU(UKAIMKA TTOTOKa paboT Ha OCHOBE
0a30BBIX U KOMITIO3UTHBIX OTepaiui, Tae 6a3oBas ornepaiys BBITOTHICTCS 32 CUET PYHKIIMOHATLHOCTH
T1aT(OpPMBI MITH 32 CYET BBI30BA BHEIIHMX CEPBHCOB, 8 KOMIIO3UTHAS — IIPEACTABISET CO0O0I pe3ybTar
KOM6I/IHaHI/II/I Apyrux onepaum‘/'l C HUCIIOJIb30BAHUEM IIOCJICAOBATCIIbHBIX, Pa3BETBIAIOUNINXCA U
MUKINYECKUX OIEPaTOPOB. HpI/I 9TOM TJIaBHBIM Tpe6OBaHI/IeM K KOMIIOHCHTY ITOTOKa pa60T SIBJISICTCSA
BO3MOKHOCTh SIBHO 00pa0aThiBaTh JJIEMEHTHI KOHLENTYaJIbHOH MOJENH, T.e. B JIONOJHEHHE K
CTaH/IAQPTHOMY MHOKECTBO JIOITYCTHMBIX THIOB JJAHHBIX (CTPOKA, YUCIIO, JIOTUUECKHI) TpeIIaraeTcs
paccMmarpuBaTh 3JIEMEHTHI KOHIICTITYaIbHOM Mojienu. [Toatomy B padote [7] mosiBuiIach BO3MOXKHOCTD
YUUTBIBATH B IIPOLECCE IMTPOCKTUPOBAHUA TUIT DJICMEHTA KOHHCHTyaHBHOﬁ MOACIH: TIOHATUEC, CBOI71CTBO,
OTHOLICHHUE, FK3EMILIIP.

B pa3BuTHUC STOH UJICH B HOBOI BEpPCHUHN KOMIIOHECHTA HCOGXO)II/IMO TaKXXC YUYHUTBIBATH U 3HAYCHUC
dJIeMEeHTa, HampuMmep, «OOBIKHOBEHHOEe nu(pQepeHnmansHoe ypaBHEHHE», «YPaBHEHHE BOIHOTO
OamaHca» W T.. B JomoiHeHHME K 3TOMY TPeOOBAHUIO JKEJIaTelIbHA TaKXKe MOIJEP)KKA APYTHX
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(bopMann3MOB, UCIOIB3YEMBIX IUISI ONMCAHUS CYIIHOCTEH B IUIaTopMe: SIIEMEHTOB 0a3 3HaHWI
(HampuMep, yCIOBHH MpPaBWJI WM CaMHUX MpPaBWII), BJIEMEHTOB arecHTHOW MMHWTALlMOHHOW MOJAEIH
(areHT, OOBEKT, POJIB).

JInst opraHm3anuy mporiecca MPOEKTHPOBAHUS M BBINOJHEHHS MOTOKAa PabOT B HOBOW BEpCHH
KOMITOHEHTa HEOOXOTMMO pa3paboTaTh CIEAYIONINE MOIYIIH:

e mapcep cneunudukanuii BeO-cepucoB (dopmar OpenAPl) B 6a3y ommcanusi 6a30BbIX
onepauui,

e mapcep cneuudukaimii onronoruit (popmar OWL) B 6a3y KOHIENTYaIbHBIX MOJEIICH

®  pEelaKkTOp CEMaHTHUYECKOT0 aHHOTHPOBAHUS, € 3JIEMEHTHI IOTOKa paboT (T.e. 6a30BbIe U
KOMITO3HUTHBIE OTIEpAIlNH, & TAK)KE UX BXOJHbIC U BBIXOIHBIC TIAPAMETPHI) CBSI3BIBAIOTCS CO
3HAQUCHMSMH D3JEMCHTOB KOHICNITYaJbHOW MOJENH U, BO3MOXHO, C JPYTHMH
(hopmanuzmMamu;

e  BU3YyaIBHBII PEJAKTOP CHENU(HUKALNH, TTOICPKUBAIOIINE CPEIU ITPOYETO BOSMOKHOCTh
HacTpamBaTh CIOCOOBI OTOOpaKeHUSI M OOPabOOTKH Y3IIOB, COCAMHEHHH W TOPTOB B
3aBUCHMOCTH OT CBSI3aHHBIX C HUMH 3HAYCHUH 3JIEMEHTOB KOHIIETITYaJIHOI MOJIEIH;

® UHTEPIPETATOp MOTOKa PaboT ¢ BO3ZMOXHOCTBIO BBI30Ba (DYHKIHMII BHEIIHHX CHUCTEM (Ha
npumepe padbotel ¢ REST APl Be6-cepBucamu.

K nHacrosimemy BpeMeHH pa3paboTaH MPOTOTHII HOBOHW BEPCHM KOMIOHEHTa, B3aWMOJCHCTBHUEC
MOJIyJICH KOTOPOTO C TTOJIB30BaTENIEM MPEACTABICHO Ha PUCYHKE 1.

Mogaynb BUsyanbHoro Mopyne
Moaynb BHewHne cepBuUCh!
MNonb3oearens NPOeKTMPOBaHWUA NOTOKA BhINONHEHWA
aHHOTUPOBAHUS (REST API)
paboTr notoka patot
CosagaHue ceMaHTUHeckn
AHHOTMPOBAHHBIX
cneundKaluii npegmeTHo-
OPWEHTWPOBAHHBIX
KOMMOHEHTOB
> CemaHTHUYeckM
aHHOTMPOBaHHAaA

MHhopMauma o hYHKLUMAX
1 napameTpax

>

DopMuUpoBaHKe cneundkaLmnotoka paboT
ANA pelleHns 3aagqu

Y

WMHchopMauus o cepBUcax|v KOMNOHeHTax

A 4

BrinonHeHwe notoka pa60T AnA pelleHNs KOHKPTHBIX 3paavd

4

OTnpaeka 3anpocos
cornacHo cneuuhukayumu
cepeuca

5
>

OTnpaska oTBeTa B
dopmate cepsuca

A

PeaynbtaTthl BbINONHEHYA B hopmaTte cneyduxkaumn|npegmeTHo-
OPVIEHTYPOBAHHBIX KOMNOHEHTOB

<
A I

PucyHok 1: Mpouecc paboTbl N0/1b30BaTENA C KOMNOHEHTOM

4. 3aKknwuyeHue

HpOBeI{éH KpaTKI/Iﬁ aHaJIN3 COBPECMCHHOI'0O COCTOAHUSA B o0acTu IOAXO040B K pa3pa60TKe CHUCTEM,
HCIOJIb3YOIINUX (1)OpMaJ'II/13M IIOTOKa pa60T, pacCMOTpCHA THUIIOBAA APXUTCKTypa TaKHUX CUCTECM,
CACJIaHbl BBIBO/JIbI O XapPaKTCPUCTUKAX CYHICCTBYIOIIHNX SA3BIKOB OITMCAaHUA ITOTOKa pa60T. Ha ocnose
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BBIBOJIOB I10 aHAJIHM3y MpPEUIOKEHa apXUTEKTypa HOBOM BEPCHU KOMIIOHEHTa IOTOK paboT s
m1atGopMbl CO3MaHUS CUCTEM, OCHOBAHHBIX Ha 3HAHUAX. AKTyaJbHOCTh pPa3pa0OTKH BBbI3BaHA
HEOOXOJUMOCTBIO SIBHO HCIOJb30BaTh (hOPMAIM30BAHHBIC 3HAHUSA 00 DJIEMEHTAaX IMOTOKa paboT B
mpoliecce MPOeKTUPOBaHus. B HOBOW Bepcry MOSBUTCSI BO3MOXKHOCTh UMIIOPTa HHPOPMAITUH U3 A3bIKA
crienuUKaMid ¥ OHTOJIOTHH, PEJAKTOP CEMAaHTHYECKOTO aHHOTHPOBAHHS JJIEMEHTOB MPOOJIEMHO-
OpPUCHTHPOBAHHBIX KOMIIOHCHTOB IUIAT(MOPMEI, a TaKXKe BO3MOXKHOCTh BBI3BIBATh BHEIIIHHUC BEO-
CEPBHCHI ¢ UCIOIb30BaHreM uHTepderica REST API.

5. bnaropgapHoctu

Pesynbrare! morydeHs! B paMkax roczafgaans MuHoOpHayku Poccun o poekty «TeopeTndueckne
OCHOBBI, METOABl ¥ BBICOKONPOW3BOIUTEIbHBIC aJIrOPUTMBI HENPEPHIBHOM W AMCKPETHOU
ONTUMU3ANUH IS TIOJAEPKKN MEXIAUCIUTUTMHAPHBIX HAYYHBIX HccliefjoBaHui» (Ne roc peructpa-
nuu: 121041300065-9), «MeToabl U TEXHOJOTMH O0JA4YHON CEPBHC-OPHCHTHPOBAHHOM IU(PPOBOM
miatopmbel cOOpa, XpaHeHUs U 00pabOTKH OONBIINX OOBEMOB Pa3sHO(OPMATHBIX MEKIUCIIUILIH-
HAapHbIX JAHHBIX W 3HaHYII71, OCHOBAHHBIC Ha NMPHUMCHCHHUU MCKYCCTBCHHOI'O MHTCIIJICKTA, MOACIIBHO-
YIPaBJSIEMOr0 MOIX0/1a U MAIUHHOTO 00y4ueHus» (Ne roc peructparuu: 121030500071-2).
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Bbuonornuecku BAOXHOB/EHHass MHOroueneBas
cTpaTerusi ynpaBjieHUss MOOUIbHBIMU areHTamMmu npu
pelleHUU 3a4aum 00cn1ef0BaHUs NOJA KOHLEeHTpauum

AwnTon Toxctrxun!

'Unemumym dunamuxu cucmem u meopuu ynpasnenus umenu Mampocosa CO PAH, Jlepmonmosa 134, pkymck,
664033, Poccutickas gpedepayus

AnHoTang

B HaCTOdAILEe BpeMH 3agadya O6CJICI(0B3.HI/IH IoJen KOHL[CHTpaLU/H/I HOJIYT{I/IJIH H.U/IpOKyIO HOHyJIFIpHOCTI)
B C(bepe yhpaBjIeH!s aBTOHOMHBIMU MO6I/IJII)HLIMI/I areHTaMm 3a CUET LUVMPOKOTO CIIEKTPa IIPpaKTUUe-
CKUX 1 (byHIIaMeHTaJ’IBHBIX 3agad, OIIMChIBA€MBIX C €€ IIOMOIIBIO. B I[aHHOﬂ cTaThbe paCCManI/IBaeTCH
KOM6I/IHI/IPOBaHHa§I I[eHCHTpEUH/IESOBaHHaH CTpaTerI/IH praBJIeHI/IH, BKJIIOUAKOIIAdgd KaK 9JIEMEHTHI 6]/10'
JIOTMTYECKYM BAOXHOBIIEHHBIX, TaK I TPAAVIEHTHBIX ITOOXO0O0B. Ee xirouesoin OCO6CHHOCTI)IO ABJIAETCA
MHOTI'03aJa4YHOCTD, 3aKJII0UAIOIIasACd B BO3MOKHOCTHU ITapaJIJIEJIbHOIO pEIIE€HVIA HECKOJIBKUX 3adayu:
JIOKQJIM3alu 1 MOHI/ITOpI/IHI‘a HECKOJIBKIX MMCTOUHIMKOB M BOCCTAHOBJICHIA FpaHI/II.I SaHaHHOﬁ JIMHUN
YPOBHSL.

Keywords
Sampling problem, oste KOHIIEHTPALVIY, CTPATErNs YIPABIEHNs, aBTOHOMHBIE areHThI, POeBOIl MHTEJ-
JIEKT

1. BBeaeHue

O6cnenoBanue 1oy KoHIeHTparmy yn xe Sampling problem [1] (B MHOCTpaHHBIX MCTOUHIN-
Kax) — 9TO0 KJIacC 3ajay, II0Apa3yMeBaloIIIil KOJUIEKTUBHOE U3yUeHe HeKOTOPOIl 3a{aHHOI
0061aCcTI MHOKECTBOM CKOOPAMHIMPOBAHHBIX areHToB. O0BeKTOM 00CIeN0BaHMsA B JAHHOM
cilyuae SBJISeTCS 00BEKT, IIPOLIeCC MM SBJIEHIe, KOTOpoe B 00LIeM ciIyuae MOXKHO OINCATh
HEKOTOpoIt QyHKI[Me BUaA:

ft.e):TxQ =R, QCRY, T=[0,c0),

rae p > 2. IIpu aToMm, Ba>KHBIM OTpaHUUEHNEM fABJIAETCS HaJluyle BO3MOXKHOCTI areHTOB
B3aMMOJIEIICTBOBATD C I10JIEM KOHI[EHTPaLUN — M3MePATh 3HaueHme QYHKIIMY — TOJIBKO CBOUX
TeKYLIMX KOOPAMHATAX U C 3aJaHHOI IIepUOANYHOCTHI0. B 3aBUCMMOCTHU OT IIPUPOIEI IIPO-
VMICXOKIEHUS TIOJIS IIPUHATO PasfessiTh X Ha CIeYIOLIe TpU KIacca: XuMudeckne [2, 3],
MIPUMEPOM KOTOPBIX MOKET CIYKUTD II0JIE COJIEHOCTH; pusnueckue [4], mpeacrapiseMble, Ha-
puMep, TEPMOKIMHAMY; G10I0ruueckue [5], OMMCHIBAIOIINIE TIOBEAEHIIE OHOT VI HECKOIIb-
KMX IOIIYJIALMII OpraHu3MOB. biiaromaps Takoil BapMaTUBHOCTU M IIIMPOKOMY CIIEKTPYy Kak

5" International Workshop on Information, Computation, and Control Systems for Distributed Environments
(ICCS-DE 2023), July 03-07, 2023, Irkutsk, Russia
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MPaKTUUECKNX, TaK U GYHIAMEHTAIBHBIX 3a7jau, KOTOpbIe MO>KHO C(popMyIIMpoBaTh Ha OCHOBE
sampling problem, nanHoe HampaBieHye 06peJIO BBICOKYIO ITOIYJISPHOCTH B HAYUHO Cpexe.
OG6BIUHO IPUHATO BBIAEIATH TPY OCHOBHBIX LIEJIU 00CIIeTOBAHNIS:

+ JIOKAJIM3AI(U OMHOTO MM HECKOIIBKMX 9KCTPeMyMOB QyHKIMN [6] (MCTOUHMKOB), OMM-
ChIBAIOILe]] [T0JIe KOHI[EHTPALM, B CIyyae HeCTAllIOHAPHOTO ITOJIS YacTO COIIPOBOKAA-
eTcs IMOCJIeTYIOIIM OTCIIeKIMBAaHUEeM UX ITepeMelleHNI B IIPOCTPAHCTBe (MOHUTOPYIHT);

+ BOCCTAQHOBJICHIE JIMHUIT YPOBHA [7], 4aCTHBIM 1M HamboJlee MHTEPECHBIM CIydaeM KO-
TOPOJL ABJIAETCS IIOMCK HYJIeBONI JIMHUM ypoBH: (PpoHTa), OTHEeNAIoNIell 06IacThb C
MIOJIO>KUTEIBHBIMIU 3HAUEHUAMI BEeJIMUMHBI ITOJIS OT 00JIACTH C HyJIeBBIMIL;

« xaprorpaguposanue [8] obcaemxyemort 06acTy, 3aUaCcTy0 HOCSIIAs BCIIOMOTATeIbHBI
XapakTep AJIs pacCMaTpMBaeMOI 3aaull U CMEKHBIX C Hell.

B mamHoOI1 paboTe mpejaraeTcsa AeLleHTpAIN30BaHHAS MYJIbTHAareHTHAs CTPATerns yIIpaB-
JIeHNs, IpU3BaHHasI 00eCIeuNTh TapajlleIbHOe pellleHle 3a8ay JIOKAIM3alI I BOCCTAHOB-
JIeHUe JIMHUN YPOBHA. B ee OCHOBe Jie)KaT 9j1eMeHTHI OMOJIOTYECK BIOXHOBIEHHBIX [9] 1
rpagyeHTHBIX [10] TOAX0MOB, a TAKKe MeXaHN3MbI POeBOII CaMOOPraHM3alIVIIL.

2. lNocTanoBKa 3apaumn

IToMMMO IPOCTENIINX CTAIMOHAPHBIX MOJeJIel I0JIell KOHIIEHTPALNY, YacTh M3 KOTOPBIX
IIpeCTaBJIeHbI HA PUCYHKe 1 M KOTOpBIE MCIIOIb30BAINCh HA HAUaIbHBIX 3TAIlaX JMCCIe0Ba-
HIsI, B JTAHHOM JCCJIEIOBAHNM PACCMATPIBAIOTCS [Be HeCTAI[IOHAPHbIE MOEIN, IMEOIIye
OMoJIornuecKyo npupoay. JJaHHbI BBIOOP 00YCIOBIIEH TeM, YTO B OOJIBIINHCTBE CIyUaeB
XuMMuecKue 1 Gpusnueckie MpoIecchl MPOTEeKalT 3SHAUNTEIBHO MeIeHHee. B cBoo ouepens
3TO ITO3BOJIZET B paMKaX peaJIbHbIX 3a7au IIpeHeOpeub UX N3MEeHUNBOCTBIO, pACCMaTpPUBas UX B
KauecTBe CTAI[MOHAPHBIX, UTO CIUIBHO YIIPOIIAeT 3afauy 00CiIe{0BaHNs MO KOHI[EHTPALIMIL.

a) b) c) d)

Puc. 1: [pumepbl ynpolueHHbIX CTaUMOHapHbIX Mojenel noneil KoHUeHTpaLmuu.

ITepBas Monesb ONMMCHIBAET B3aMIMO3aBUCUMOE PACIIPOCTPaHEHNE BYX IIOCTOSHHO pacTy-
IIMX MOMYJSALMIA B IPOCTPAHCTBE I BpEMEHH, KOTOPYIO MOKHO IIPECTABUTD B BUJIE CIEAYIO-
II[eJl CUCTEMBI U SIBISIOLIEICS UaCTHRIM cayuaeM [11]:

1 3
ft.g) = (1) = Sla—al”)
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o100 = (55) (0~ Bla—wl?) |

t €[0,00),q € R
¢1(t) = Za(t) — G (t),

a(t) = Th5ss01(t) — Tomg@2(t),

[anHas MOIeNnb UMeeT Psify 0COGEHHOCTEIL:

¢:(0) = 1.

+ Kaskmoe mosie KOHI[eHTpauMy MMeeT TaK Ha3bIBaeMyIo «0asy» MM UCTOUHUK ¢°, TIpel-
CTaBJIIEMBII OKPY>KHOCTBIO pafiyca 7 1 IIeHTPOM B ¢, KOHLIEHTpaLus BHyTPU KOTOPOTO
paBHa KOHIleHTpalnu Ha ero nepumerpe. [Ipn 910M, MCTOUHMK eqUH I 06€UX ITOIY-
JALMI M He MOXKeT IlepeMellaThCsl, HO 3HaUeHN I GYHKIMII II0JI BHYTPU HEro pacTeT
9KCIIOHEHIUAJIBHO.

o JIuHMM YpOBHS IPENCTABIAIOT 13 ce0s KOHLIEHTPUUECKIE OKPYIKHOCTI, CKOPOCTh POCTa
panamyca KOTOPBIX TaKKe yBeIMUMBAETCS 3KCIIOHEHINATIBHO C TeUeHIeM BpeMEHIL.

+ Hcxons us 6uonornueckoro mpoobpasa Momesin, 3HaUeHN I KOHLIEHTPay He MOTYT
MIPUHUMATD OTpULIATeIbHbIe 3HAUEHM.

Bropas Mozenb OMmchIBaET CTATHOE IepeMeIIleHIe OJHO WM HECKOJIBKUX HE3aBUCIIMBIX
MOy SN PUKCUPOBAHHOI Pa3MePHOCTH IO 3aMKHYTOI TeppuTtopun. B manuom ciyuae
MoBeieHNe KaXoit ocobu ¢ nonynsiuu B Monenupyercs coryiacHoO 3akoHaM PeitHosbaca
[12], a byHKIUA OIS MMeeT CIeTyOINI BUL;:

f(t,q) = (axh)(t,q),

. o .
alt.q) = 1 if EIkEB.q—qk7 h(t.q) 1 if <7‘7
0 0

rae (a * h) — omepanus CBepTKHU, ' — PaiMyC AApa CBEPTKY, ABJIAIOLIUIICS yTIPABIAEMbIM
MapaMeTpoOM U MPEJICTABNAIOIINIT 13 ce0s XapaKTepUCTUKU HEKOTOPOTO JATUMKA, CIIOCOGHOTO
HOMICUNTHIBATE KOJIMUECTBO 0CO0el B 3aJaHHOI OKPECTHOCTH.

KJItoueBBIM OTJIIMUMEM MOJIENN SBIISETCS OTCYTCTBUE IPKO BBIPAKEHHBIX MICTOUYHMKOB TIOJIA.
B maHHOM cIrydae IO MICTOUHUKOM OyIeM MOHMMATh JIOKaIbHbIE SKCPeMyMbl QYHKIIMH MO,
VHBIMIY CJIOBAM:

Gj(t)=qeQ: f(t,q) > f(t,q+e) Vel <ep,j=1...n,
II€e €) — HEKOTOpas Majast OKPECTHOCTD, 1, — KOJIMUYECTBO OTCIIEKMBAEMbBIX NCTOUHMKOB.

1 oIleHKM TeKyILero KauecTBa pellleHUs KaKOOM M3 IToA3alad BBeOeM CJIenylollue

KpUTepuM KauecTBa:

M. (1) = i (1) — <@, 1
(t) j:H(lfiL(e)ienC}‘glse”(J() HOI (1)

My = Yy LLE0) @

i€Gyront |Gf7"ont |
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rze ¢;(t) — KoOOpAMHATBI aTeHTOB, MCIIONB3YIOIIMXC NI pernenns 3anaust; Gpase M G front —
COOTBETCTBEHHO ITOJMHOKeCTBa areHTOB, 3aHIMAOINXCSA ITOMCKOM MCTOUHMKOB U JIMHUI
YPOBHS; § — ICKOMO€ 3HaueHue JTUuHUM ypoBHs. Kpurepuit M, (1) MoKeT IpMHUMATD TOJIb-
KO ITOJIOKUTEJIbHbIe 3HaUeHUs, COOTBETCTBEHHO, €0 MUHUMM3AI[I JeMOHCTPUPYET, UTO B
OKPECTHOCTH KaKJOT'O MICTOUHNKA HAXOOUTCSI KaK MUHMMYM OJIVH areHT, IIPOM3BOAAIINI
ero MouuTopuHr. C 1pyros cropoHsl, Kputepuit M (1) MOXkeT IPMHIMMATH KaK ITONOKIUTEIb-
HbIe 3HAUEeHMsI, YTO TOBOPUT 00 OTCTaBaHMM areHTOB OT JKeJaeMOl JIMHUY yPOBHS, TaK U
OTpHIaTeNIbHbIE, CUTHAIMSUPYIOLIIE 00 ee OIlepeKe .

3. Crparernsa ynpasneHus

[IycTs mconb3yemble IS pelleHus 3aJaull areHThI IPeACTaBIAIOT 13 cebs MHTerpaTophl
BTOPOTI'O IIOPSJKA, a MX AMHAMMKA OIIMCHIBAaeTCA CIIeAYIOIIel CCTeMOI:

q@' = Uy, vz = U4, i1eG= 172a —eey I, HvzH S Umazx, ||Uz” S Umazx,

rae q; € R2, v; € R?2 u u; € R? - COOTBETCTBEHHO, IOJIOKEHIE, CKOPOCTB I yIIpaBiIeHUE
1-TO areHTa, Umazy U Umay — MPEREIBHO JOIYCTMMbIE 3HAUEHNSI CKOPOCTU M YIIpaBJICHNUS,
(G — MHO>XeCTBO JOCTYITHBIX ar€HTOB MOILITHOCTHIO 1. Ka)Kblit areHT cr1iocobeH ¢ 3aIaHHO
MepUOAUNYHOCTBIO U3MEPATh BeJIMUNHY II0JI KOHIIEHTPAIUM B TOUKE CBOETO TEKYIIeTr0 MeCTo-
nonoxeHus. [lomumo aroro, 6ymeM CUMTATh, UTO KAXKIBIIL aT€HT MOKET CBS3aThCS C JII0OBIM
OPYTUM IJISL TOTO, YTOOBI 3aIIPOCUTH €r0 TEKyILVe KOOPAMHATEI ¥ 3HAUeHVE II0CIeTHETO
IIpoM3BeeHHOI'0 3aMepa.

Ilpennaraemas ctpaTerus 3afgaeT yIpaBieHNe KaXIOT0 areHTa B BUJe B3BEIIIeHHON CyMMbI
HECKOJIBKVX CUJI, BO3TEVICTBYIOIMX Ha HETo:

uw; = a1 Ff + coFY + c3F7 + C4Fl-f + s F] + e FY,

THE C1 —Cg — HEKOTOPBIE ITIOJIOKUTEJIbHBIE KOS(b(bI/II_II/[eHTLI. Hp]/[ 3TOM, OJId obecrieueHs Imapaji-
JIEJIBHOCTY pEIIIEHN IT0A3anay JOKaIM3al Iy NICTOYHUKOB VI BOCCTAHOBJIEHUA JTUHUNI YPOBH4,
MHOXECTBO ar¢cHTOB pa36I/IBaeTC$I Ha NBa HEIIEpEeCEKAIoIINXCI ITIOOMHOXKECTBa Gbase n Gfromt
TaKme, 4To |Gba56| < |Gfr0mg‘. B 3aBucumocTu ot IIPUHAMJIE)KHOCTN K 3TUM IIOAMHOKECTBaM
BIIMIAHVIE HEKOTOPBIX CIJI HAa ar€HTOB JMICKJIIOUAECTCA IIyTEM 06Hy.HeHI/IH COOTBETCTBYIOIIIUX
KOQ(l)(bI/ILU/IeHTOB. Taxk, @i areHToB, O6eCHeT{MBaIOIlH/IX IIOMICK MICTOUHMKOB, C4 U C5 IIPVHIMA-
IOTCA paBHBIMU HYJIIO, a IJI1 ar€HTOB MHO>KECTBA Gfront 9TO IIPOMUCXOOUT C KOS(l)(bI/IHI/IeHTaMI/I
C1 — C3.

HOCKOJII)KY 3agaya 06cne11013aH1/m I10JI1 KOHIEHTPpAaUNN IIoapa3yMeBaeT H€O6XOJ1]/IMOCTI)
ImapaiyIeJIbHOTO IIOVICKA I MOHUTOPMHTAa HECKOJIIBKIX VICTOYHVIKOB, MHOXECTBO Gbase pa361/1-
Bae€TCA Ha HECKOJIBKO ITOMICKOBBIX KJIACTEPOB TAKUX, UTO

T={1,72, ., Tm}, Vik:j#k—1Nm =0, |7]~]|ml >S3.

AFCHTI)I, IIpMHAMJIEKAIIVIE pa3HbIM KJIaCT€paM, HAXOOATCA MEXOY coboi1 B KOHKYPEHTHbBIX
oTHoIIeHUsIX. bonee IIpaBMJIBHBIM C TOUKM 3PEHMSI O1OJIOrMUEeCKOI IpMpoabI npe)momeHHoﬁ
CTpaTEerum yIIpaBJI€HUI ABJILE€TCA TEPMUH «aMEHCaIN3M», B paMKaX KOTOPOTO OJHV ar€HThbI
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OKa3bIBAIOT HeraTuBHOe 3G eKT Ha APYTUX, He UCIBITHIBAS CO CTOPOHBI IOCJIEIHNX HI II0JI0-
KUTEJIbHOTO HY HEeTaTMBHOTO BINMAHNA. OTO BhIpaskaeTcsA B TOM, UTO IPYIIIA, HaXOAAIadcd
OyDKe APYIMX K MCTOUHMKY, OTTAIKMBAET JPYTME KIACTephl, He TI03BOJISIS UM IIPUOIVEKAThCS.

I'papuentHas cuwia F Hampasiser poGoTa BIOJIb PaCCUMTAHHOI OLIEHKM IpafgieHTa K
OXIJJaeMOMY SKCTpEMaIbHOMY 3HAU€HMIO II0JIs I oIIpefelifeTcsa KaK

-y qi(f(t, (1) — [t ¢i(t)))

1€ Tg
||qu|| ’ ’

JETE

rze ||¢ij|| - eBkImmoBa HOpMa BekTOpa i = ¢; — ¢j. Biaromaps qaHHOIT cue JOCTUraeTcs
caMOOpraHM3als ABVDKEHMS KIACTepa, IIPU KOTOPO KaXKIBII pOOOT OBIIKETCS B TOM Ke
HAaIIpaBJIEHUN U C TOM K€ CKOPOCTHIO, a TaKXKe peans3yeTcad MexaHN3M 3KCIUTyaTalui.

C npyroit cTOpOHBI, Koonepupylomas cya F)° obecrieunBaeT peaansalyio areHTaMI CTaii-
HOTO IIOBefeHMsI, B UaCTHOCTHU, M30eraHme CTOJIKHOBEHUII 1 LIEHTpUpOBaHMe cTau. bruio
MpeJIOKEHO OIpeNeNaTh JaHHYIO CUIIY CJIeAYIOLM 00pa3om:

=3 VU (lal), i € 7

JETK

rae Uf([|gij||) - mcxycersennas norenumanbaas GyHKIMS, KOTOpas ONpefiesseT B3auMoiel-
CTBUE areHToB, V¢; 0003HaUaeT rpagieHT OTHOCUTENIBHO KOMIIOHEHT BeKTOpa ¢; B KauecTse
noreHUManbHOM GyHKkimny Uy : R™ — R* npennaraerca gpynkmms

A

)

Uii(lgil) = %(H%’j” —d)* + Bl lgyll + B o ||
rme a, 3 € RT — HekoTopble ympapysionue mapaMeTpsl; dé > ( ompepenseT xenaemoe
paccrosHue Mexny areHtamu. PyHKIMs (CChUIKA) IOCTPOEHA HA OCHOBE ITOTEHLIMATHHO
byHKUMN, npemiokeHHoit B [13], mytem mobaBieHus mapamerpa 3, O3BOJISIOIIETO BAPBUPO-
BaTh pasmep 00JIaCTH, Ha KOTOPOII 9Ta (PyHKIMS SIBJISETCA CTPOTO BHITYKIIoi. Takum o6pasom,
07T BO3eMICTBIEM JAaHHOI CUJIBI aT€HTHI OJJHOTO KJIacTepa CTpeMITCs 00pa3oBarh popMariio,
KOTOpas B CJIyyae MUHIMAJIBHOTO HEOOXOAMMOTrO KOJIMUECTBA aT€HTOB MeeT BUJ IIPABIIIb-
HOTO TPEYTOJbHIKA C TPAHsIMI JJINMHHOI df}.

ITocneqHelt cnI0i, HETIOCPEACTBEHHO BINAIOIIEI Ha IIPOLeCC JOKAIM3alMI UCTOUHIKOB,
ABJIAETCA cerperupyiomas F’ cuia, KoTopas OTBeUaeT 3a BBIIICONCAHHOE B3aMMOeIICTBIIE
MeXAY pasiIMUHBIMI KIacTepaMy U 3a0aeTcs CIeTyIoIM o0pa3oM:

=3 Vel i€

JETk
. Jaigl > d
’LAS' qij = diB )
D= o (Blasl - a2 + smlasl + s ) 7(tas) > it

rage d,g > df; — MMHVMAJIBHOE K€JIa€MO€ PACCTOAHNME MEKAY KJIaCTE€paMIL.
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Kasxpprit areHT MHOXeCTBA G frop¢ TIPU TIOMCKE 3aJAHHON JIMHUY YPOBHSA OPUEHTUPYETCS
Ha IIOJIOJKeHIe OJHOI'0 113 IOMCKOBBIX KilacTepoB . Ha HauanpHOM 3Tarle sTa CBA3b 3a7aeTcs
¢ GuIyDKANIIYM KJIacTepoM, HO areHT MO)KeT IPUHATH He3aBUICIIMOE PeLlIeHNIEe O er0 CMeHe
IIpu ompefeseHHbIX yeaoBuax. Cuia Fif , Ha3BaHHas QPPOHTANBHOI 13-3a €€ M3HAUAIBHOTO
npefHasHAUeHNS B OOHApY:KeHUU (PpPOHTA MOJII KOHLEHTPALY, 00eCIeurBaeT IPUTIKEHIE
areHTa K TeKyIl[eMy MeCTOIIOJIOKEHIIO MICTOUYHMKA I OTTaJIKMBaHMe OT HETO B 3aBUCUMOCTH
OT TOTO HIDKE eTr0 TeKylllee 3HauUeHNe 3aMepa OTHOCUTEIBHO 1[eJIeBO IMHIY YPOBHS VI
Beile. [Ipyu aToM, 32 KOOPAMHATHI ICTOUHMKA IIPUHMMAIOTCS yCpeTHEHHBbIe KOOPAMHATHI
areHTOB CBSI3aHHOTO Kiacrtepa. UHBIMU ciroBaMu:

Ff _ Z (2g:(f(t,q:)) — 1)%],’

i

Z Tl
0 ) 5 f(t7QZ) < fl
gi(F(t.a) = 18 (LGl )" — 2 (JGmpd) ™ £y > f(ta) = £) -
1 f(t,q’i) > fu

rae f; u f, — COOTBETCTBEHHO HIDKHSAA U BePXHSASA IPaHNIIBI IIeJIeBBIX 3HAUCHNIL, 7" — TeKyIIIi1
IIOVICKOBBIIT KJacTep, cBsA3aHHbI ¢ areHToM. Pynxuns ¢;(f(t, ¢;)) npencrasiser us cebs Tax
HaspIBaeMyIo SmoothStep dyHKIIIO, 06ecIeunBaOITyI0 MIITABHOCTD MTEPEKIIOUeHN MEXIY
peXuMaMy IPUTATMBaHNA M OTTAJKMBAaHIUSA B OKPECTHOCTM MICKOMOII JIMHIM YPOBHA, 13-32
4Yero yIpasjeHle He TEPIUT PaspbIBOB.

Penakcupyromas cuna I nmpumeHseTca Njig paBHOMEPHOTO pacIpe/ieIeHNs areHToB 110
IepUMeTpy JIMHNUY YPOBHA U MMeeT CIeyIOINIT BUI:

dij C s
Fl = E H J i edij—laill g}

1,JET* qw
roe dg- — HEKOTOpOE >KeJlaeMoe PacCTOSHIE MEXy areHTaMI, a — II0JIOKIUTEJIbHBII K0addu-
LMEHT, OIIpeeJITIOIINII CKOPOCTD paclpeeleHNs areHToB II0 nepumMeTpy. [Ipn pererun
3a/auy MOTYT BOSHMKATh CUTYaLMN, IIPY KOTOPBIX CIUIIKOM OOJIBLIOE KOJIMYECTBO areHTOB
3aHATO OKOHTYPMBAHIEM OJHOI JIMHUN yPOBHS, B TO BpeMs KaK OCTaJIbHBIE CTPAJAIOT OT WX
HeXBaTKI. B 3ToM cirydae 6yaeT BBIIIOIHATHCS yCIOBME

caFl - esFT

f
auF! || <
L

A (C4Fl-f cesF < 0),
rae - — OIepaTop CKaJIAPHOTO IIPOM3BENECHIIA. Hp]/[ O6Hapy>KeHI/H/I JaHHOTIO COOBITUS areHT
HpI/IHI/IMaeT peH_IeHI/Ie CMEHUTD CBI3aHHBIN KJ‘IaCTep Ha CJ‘IeI[yIOH.[I/II‘/’I I10 OqepeJII/I B IUKINMYHOM
CIINICKE. KpOMe TOro, IIOOOYHBIM 3¢)¢)CKTOM BIIVIAHIISA ABYX 3TUX CHUJI ABJIAE€TCSA BBIOEPKIIBA-
HIIe areHTaMI OIIpeeIeHHO GopMaluy Ipy IepeMeLeHNI 10 00IAaCTIM CO 3HAUEeHMEM
GYHKIMI TOJIS HIKE LIeJIEBOIL.

HaKOHeH, HOCJIeIIHeﬂ K areHraM IpMMEHSAETCIA I'paHNYHaAa CMjia sz, 06eCHe‘I]/IBaIOLLIaH nx
YAEPKMBaHNE B paMKaX 06CHeHyeM0ﬁ obiacTu 1 He IIO3BOJIAIOIIAA IIOKVHYTDH €€ IIPpENEIIbI
moJ BoszeiicTBreM apyrux cut. OHa 3aaeTcs ClieAy oM o6pasoMm:
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Fib = [ff7’f;l))]v

min _ __,max
fb P tw—z) _ T er7

E= e
min maxr _ 6 _
roe .’L‘k n xk KOMIIOHEHTBI BCKTOpOB, OI‘paHI/I‘{I/IBaIOH.U/IX O6CJIeHyeMYIO 00JIaCThb, Tk
KOMIIOHEHTHI BEKTOPA ¢;, 4 W — padMep AEeMIIMHTOBOI 30HbI 10 IIEpUMETPY 00CIenyeMoit

o0JacTu.

4. 3aknwueHue

Jns oneHKM paboTEI IIpeIoKeHHOTO ITOAX0a ObLIa IIpoBeeHa Cepys KOMIIBIOTEPHBIX 9KCIIe-
PUMEHTOB C MCIIOJIb30BaHMEM BBIIICONICAHHBIX MOJelIell ITosIeit KoHeHTparuu. Ha pucynke
2 mpepcraBieHsl rpaduKy nsMeHeHMs: KpuTepueB sapdexTuBHocTy (1-2) muist Hanbosee xa-
PaKTepHBIX BapMaHTOB IIOBEIECHNS areHTOB IIPY peLIeHNN 3afadil. Y CIOBMS IIPOBeeHIsI
9KCIIEPUIMEHTOB IIpUBeAEHbI B Tabmmiie 1.

Tabnuua 1
Ycnosus nposeaeHUs sKCNepuMeHTOB
Xapaktepuctuka Mopenb pactyweii nonynsumn  Mogenb cTaiiHoi nonyasumuu
Pasmep obnactu 1000 x 1000 meTpoB 1000 x 1000 meTpoB
Bpems cumynauunmn 3000 MoaenbHbIX CEKYH[ 3000 MoaenbHbIX CEKYH/[,
|7] 1 3
|G fromt| 50 50
Urmaw 3% 3%
Umaz 0.5 Z"—z 0.5 Smg
Llenesast nuHug ypoBHs 45 45

2y N~

1500 Ty e A

500 Tofo 1500 2000 2500 3000 0 500 1000 500 2000 2500 3000
t t
M_f(t) ——M_eit) M_fit) ——M_elt)
a) b)

Puc. 2: PeaynbTtaTbl 3KCNepMMEHTOB /18 MOAENY pacTywen nonynsuuu (a) u Moaenu CTaiHomn nomny-
nsumn (b).

Ha maHHBIX rpadukax MOKHO yCJIOBHO BBIACJINUTH TPU OTPE3Ka, OIMCHIBAIOIINE pa3HbIe
STAIIBI pellleHns 3agaun. [lepBslit aTar 3aKkiIodaeTcs B pOpMUPOBAHNI IIOMCKOBBIX KJIACTEPOB
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M IIOVICKA MMM MCTOYHUKOB. CilenyeT oOpaTuTh BHUMAaHe, UTO IJIs IIEPBOIL MO JaHHBI
9TaIl 3aHMMaeT 3HAUNTENbHO Gosbiie Bpemenu (¢ € [0,800]). ITo 06ycioBIeHO TeM, UTO
6sraromapst 0COOeHHOCTIM JaHHOV MOJENN Ha paHHUX 3Tarax QyHKIMS I10JIsS KOHLIEHTpa-
LMY IpMHUMAeT HyJIeBble 3HAUeHMs IIPAaKTIUeCK) BO BCeX TOUKax obcienyeMolt o6IacT.
W3-3a 3TOTO rpagMieHTHAS CUJIa He OKa3bIBaeT BO3JEVICTBUA Ha ar€HTOB, KOTOPBIE OCYIIIEeCTB-
JIAIOT Apeiid mox meiicTBMeM OCTaIbHBIX cyil. OgHaAKo, Ipy 0OGHAPYIKEHNUI XOTs OB OTHOTO
HEHYJIEBOTO 3aMepa, IIPOMCXONUT OBICTPas TOKAIM3ALMS UCTOYHMKA U IIEPEXO] KO BTOPOMY
STaly.

B ero pamkax Habm0qaeTcs MOHUTOPUHT MICTOYHIKOB I BLIBOJ ar€HTOB MHOXeCTBA (7 front
Ha ILIeJIEBYIO JIMHUIO YPOBHS, a TaKKe X paBHOMEpHOe pacIipefiejieHne 10 Hell. TecTsl mo-
KasaJln, uto B cpeJHeM OTKIOHeHMe MeTpuku M, (t) Ha maHHOM Tare He mpeBbIlIaeT 20
METpOB, YTO, YUUTHIBAs pasMep obOciieqyeMoi 00IacT! 1 BhIAEP)KMBaeMOe MEKy areHTaMu
paccrosaue (25 MeTpOB), IBIsIeTCS GOy CTUMbIM. OqHAKO, 113-3a TPYAHO IIPOTHO3MPYEMOTO
TepeBYDKEHNS VICTOUHVKOB B CTAITHOV MOJENN, MOTYT HaOII0qaThCs HEIIPOJOJDKIUTEIbHbIE
IpepbIBaHNUSA MOHUTOPIHTA.

Haxomnerr, TpeTuii aTan xapakTepeH TOJIBKO JJIT MOJEJIN PACTYILe IOy, YUIThIBas
9KCIIOHEHIMAIbHBIN POCT CKOPOCTYU IBILKEHUS JIMHUI YPOBHS, TApaHTUPOBAHHO CIIy4YaeTcs
CUTyalys, IpM KOTOPOJI OTpaHUUEHNe CKOPOCTY ABVLKEHMUS areHTOB AeaeT HEBO3MOKHBIM
JanbHellllee pellleHNe 3aJaull.

IMocireqHMM Ba)KHBIM BBISIBIEHHBIM Ha 3Talle TECTUPOBAHUS CTpaTeruy GakToM SIBIISLETCS
OoTpaHIUYeHNe KJIACCOB IMHUI YPOBHA, MIOANAIOIINXC OTCIAEKMBaHNIO. [lTaHHBII MOAX0M MO-
JKeT IIPUMEHSITHCSI B TeX CIyJasx, KOrfia orpaHUveHHas JIMHIEe YPOBHI 00I1acTh IBIISIETCS
BBIITyKJIOV IV IIPeJCTaBiseT u3 cebs 3Be3qHy0 06acTh [14] OTHOCUTENBHO KOOPAHAT
MCTOUHMKA. B clIyuae HeBBIIYKIIOi 06acT (PUCYHOK 1¢) MOTYT HaGIIOOAThCS IPOTSHKEHHBIE
YYacTKU IIepUMeTpa, KOTOphIe ITIOMCKOBbIE areHThI He CIIOCOOHBI 00HAPYXUTh. OHAKO, I10-
TeHIMAIbHO BO3MOKHBI cuTyarmu (pucyHok 1d), Ipy KOTOPBIX IpaBUIbHbIE TPAHUIIBI MOTYT
OBITH BOCCTAHOBJIEHBI 33 CUET KOJUIEKTUBHBIX [EMCTBUIT HECKOJIBKIUX HOATPYIIIT aT€HTOB.
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N3BneueHne nepapxmueckux nap u3 3aroioBKoB
3N1EeKTPOHHbIX TadnULY
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AHHOTaUI

B IIEKTPOHHBIX Ta6m/[uax COAEPIKUTCA 6OJII)IHO€ KOJINMYeCTBO HeHHOﬂI I/IH(l)OpMaI_U/H/I, arpermpoBaHue
n HOCJICHyIOILU/H‘/‘[ aHaJIn3 KOTOpOIu/I MMEIT HpaKTI/I‘{eCKyIO 3HAQUVMOCTHh 1 MOFyT 6I>ITI) JMICITIOJIB30BaA-
HBI B PAa3JINYHBIX IIPEAMETHBIX O6JIaCTHX. I[.HH 9(bq)eKTI/IBHOI‘O ABTOMATM3VPOBAHHOTO U3BJIEUECHNI
JaHHBIX H€O6XO,[II/IMO IIOHMMAaHIMeE UX CEMaHTIUeCKOI CprKTprI (OTHOIHGHI/ISI). OTHOU_IeHI/ISI MC)KI[Y
TUeIKaMU BHCKTpOHHOﬁ Ta6JII/II.IbI BO3MOXHO HOJIqu/ITI) HOCpCHCTBOM aHaJIn3a 3aroJIOBKa Ta6JII/[IIbI.
HJ’IH 3TOro HCO6XOJII/IMO BBIAEJINTD I1apbl B3aIMOCBA3AHHBIX AUEEK, UTO OAaCT BO3SMOKHOCTD ITIOCTPOUTH
EpapXn4ecKoe nepeBo. B I[aHHOﬁ pa60Te paccMaTpMBAKOTCA 3BPUCTNUECKME METOABI K OIIPENETIEHIIIO
B3alIMOCBA3aHHBIX JUE€EK B 3arOoJIOBKaAX, Cl)OpMI/IpOBaHI/IIO Hap HpeHOK'HOTOMOK. Taxxe npe]:mo;l(eHa
MeETOAMKaA OLIEHKN ITPOM3BOANTEIIBHOCTU ITPENIOKEHHBIX 3BPUCTUK.

Keywords

3JIEKTPOHHBIE TabJINIbI, CEMaHTIKA, 3ar0JIOBKY TaOJIMIIbI, SBPUCTIKA

1. BBeaeHue

DNeKTpOHHBIEe TaOINIIbI IBIAIOTCI BECbMa PAcIIPOCTPAaHEHHBIM CIIOCOOOM IIpeNCTaBIeHNs
OXHOTMIIHBIX JAaHHBIX. Tak OHM IIOBCEMECTHO VCIIOIb3YIOTCS IS XPaHEHUS U IIpeCTaBIeHNS
OAHHBIX CTATUCTUUECKON U PUHAHCOBON MHGOpMALINI, PA3INUHbIX HAYUHbBIX HAOI0LeHNIL.
Taxkoit crioco6 ImpecTaBIeHNs TOHSATEH 1 JOCTATOYHO IIPOCT B MICIIOIb30BAHMU, IOCKOJIBKY He
TpebyeT HanuuMs HUKAKUX TOIIONHUTETbHBIX 3HAHUIL U CIIeMAIbHbIX HABBIKOB AJIS paboThI
Ha 6a30BoM ypoBHe. B cetu IHTepHET LMPKYIUPYET OTPOMHOE KOJIMYECTBO IEKTPOHHBIX
TabJIn1l, IpefcTaBiIeHHbIX B popMare Excel u comeprxaimx 1eHHy0 MHPOpMAIIIO U3 pas-
JIMYHBIX IIpeIMeTHBIX obacrel [1, 2, 3]. I3BneueHne u mocaeqyomas MHTETPaLs TaHHbIX
M3 3JIEKTPOHHBIX TAOINI] IBISETCS OUeHb BXKHOI YaCThIO COBpEeMEeHHOII OM3HeC aHAIUTIKI.
[Tocnemuye uccieqOBaHNSI AeMOHCTPUPYIOT, UTO TosbKo B CIIIA Gosee 55 MIMIIITIOHOB II0JIb-
3o0Baresiell paboTaroT ¢ AIEKTPOHHBIMM TaONMIAMI U3 HUX O0JIee IIOJIOBUHBI VICIIOIb3YIOT
3JIeKTPOHHBIe TabJNIBI Ui BeJeHus 6usHeca [4]. 910 mo3BonseT cKasaTh, uto Excel sBisercs
OHUIM M3 CaMBbIX IIONMYJIIPHBIX GOPMATOB 3JIEKTPOHHBIX TAOIMII.
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[IpoaHaIM3MpoBaTh U M3BJIE€Yb MHPOPMALVIO 13 OTPOMHOI0 KOJIMYeCcTBa TabJIII{ MOXKHO
JUIIB B aBTOMATNYECKOM pexxuMe. [Ipy sToM MHOTMe ITpobieMbl MHTerpauuy nH(popMamn
3aBUCAT OT CIelM(pUKAUNIL M CXeM OpraHM3al(ui JaHHbIX. B To ke BpeMs cileyeT OTMETHUTb,
YTO 3JIEKTPOHHBIE TaOJINIIBI, B IIEPBYIO OUEPEb, CO3MAOTCS JIFObMM U ISl JAJIbHEIIIIEro
JICIIOIB30BAHMSA JTIOABMI. ITO 00YCIaBIMBAET PAa3IMUHbIE IIOAXOIbI KAK K KOMIIOHOBKE KaK
caMmx TabJINIl, TaK 1 OpraHM3aIyy AaHHbIX. Tak Ha oqHoM Jmcte Excel Moker HaxoqmuThes
HEeCKOJIBKO Tabmmu. Kpome caMux Tabiaui MoOsKeT OBITE TaK)Ke DOIOJIHUTENbHAT MeTanH(popMa-
1V, TaKasl KaK HasBaHVs, KOMMeHTapuy omycaHusa. KoMIIOHOBKa TabiImil TakKe OTIIIMUaeTCs.
JInurs B peqKuUX caydasx y Tabiuil BCTpeuaeTcs OMHOYPOBHEBBII 3ar0JI0BOK [5].

OpnHOII 113 0COOEHHOCTEI, 3JIEKTPOHHBIX TAaOJINI[ He IIPeACTaBISIOIINX KaKUX-I100 TPy -
HOCTeII [JIs1 YesloBeKa, HO CKa3bIBAOIIEIICS Ha KOPPEKTHOCTI ABTOMATIUECKOTO ITOHMMAaHYII
TAHHBIX SBIISIOTCS MepapXIUecKyle 3aroI0BKIL. B aToM ciryuae OHU OIpeRessioT CTPYKTYPY U
MepapXMUYecKyI0 3aBUCUMOCTh MEKAY TaOIMIHBIMU JaHHBIM. [IOHMMaHMe 3aBUCUMOCTY MEX-
Iy DaHHBIMI I03BOJIUT Oosiee 3QdeKTUBHO 1 IIOJIHO MU3BJIEKaTh TAOIMUHYI0 MH(OpMALHIIO.
[IpuMep MepapxmuecKoro 3arojoBKa IpUBegeH Ha puc. 1.

Discharges
Sex, age, and selected

first-listed diagnosis \1 Number Per 1,000
(1,000)\2 persons \3

Both sexes
Total \3 \4 34 667 116,2

Male

All ages \4 13 990 95,5
Under 18 years \4 1 515 40,2
Injury 167 4,4
Pneumonia 101 2,7
Asthma \5 99 \5 2,6
18-44 years \4 2 701 47,7

Puc. 1: dparmeHT TabnuLbl ¢ MEpapXUUECKMM 3arOO0BKOM.

Tak, HaJ{0 YCTAHOBUTB, UTO B 3aTOJIOBKe, JaHHbIe ‘Number (1,000) \2” u “Per 1,000 persons
\3” ABJIAIOTCS HYDKHYIMI YPOBHSIMU MepapXuu 110 OTHOIIeHMo K “Discharges”. Han6oiree nu-
TEepeCHBII CITyyUail YCTaHOBIEHNS MepapXuil JaHHbIX s OOKOBMKA — CaMOTO0 JIEBOTO CTOIONA
tabuiel. Ha puc. 2 mpuBeeHs!I ero ypoBHU mepapxuii, rae 0 - caMblil BBICOKUI YPOBEHb.
ABTOMaTIYECKOE OIIpeesIeHIIe ePapXUil I03BOJISIET YCTAHOBUTD CBI3M MEXAY JaHHBIMI,
ITOBBICUTH KaUeCTBO X M3JIeUueHNs. B CBsI3U ¢ 9TUM aKTyasbHa 3a/iauya aBTOMAaTU3UPOBATh
OIIpe/IesIeHIIE TIap STU€eK POOUTEND  — “TIOTOMOK™ ISl COCTABJIEHNIS MEPAPXUIL.

OrMeTuM, YTO HAJIVUME CJIOXKHBIX CTPYKTYp OpraHM3alUy JAaHHBIX, B CBOIO OU€PEeNb, 3aTPYA-
HSET IIPOI[eCChl aBTOMATNUECKOV 00paboTKM, ITIOHMMAaHNI TaOJINI] I M3BJICUEHNIO JaHHBIX.
B pesynbrare psna uccienoBaHmii 6611y cOpMyIMPOBAaHBL TPeGOBAHMS K (POPMIUPOBAHIIIO
3JIEKTPOHHBIX tabuui [6, 7, 8]. OqHako, B HeMICTBUTEILHOCTY 3T TpeGOBaHI/m OCTAaIOTCS JIUIIb
TpeboBaHuAMU. Pa3paboTumkm 3J1eKTPOHHBIX TAOIUIl OQOPMIISIOT X TAKUM 00pa3om, 4Too
6bL10 yOoOHee ¢ HUMI PaboTaTh.
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yposews 3HadeHud
repapxmumn
0 Both sexes
1 Total \3 \4
1 Male
2 All ages \4
3 Under 18 years \4
4 Injury
4 Pneumonia
4 Asthma
3 18-44 years \4

Puc. 2: lpumep nepapxumn BepTukanbHOro 3arooBka

2. O630p cBA3aHHbBIX paboT

Hayunas npo6iemMa ycTaHOBIEHUS MepapXUIil B 3aT0JI0BKAaX TaOJINI] BISLETCSI aKTyaIbHOIL.
Cy1ecTByeT MHOKECTBO UCCIIEJOBATENBCKUX PabOT, MOCBALIIEHHBIX aHANN3Y YHKIUIT KaK
g4eeK TaOJIILI, TaK I aHaJIU3Y UX CTPYKTYPHI [9, 10, 11, 12, 13]. PaccmoTpumM HeKOTOpEBIE U3 pa-
60T B TaHHOIT 00JIACTY CKOHI[EHTPUPOBAHHBIX MMEHHO Ha IOCTPOEHNY MePAPXUIT 3aT0JI0BKOB.
Tax B paborax [11, 14, 12] mpencraBieH MeTOJ IIOCTPOEHMS Mepapxuii B 3aroaoBkax. OcobeH-
HOCTb JTAHHOT'O METOMA 3aKJIIYaeTcd B TOM, YTO OH SBJIIETCI HE3aBUCUMBIM OT IIPeAMETHOI
o6nacTy. ABTOPBI pacCMaTPUBAIOT IIOCTPOEHNE MepapXMUeCcKUX OTHOIIeHu I B 60KoBuKe. [laH-
HBIII MeTOJ HallpaBJleH Ha oIlpeJesieHNe oTHolueHu [Ipegok — MOTOMOK I JaHHBIX I,
KaK CJIeJICTBIE IIOCTPOeHNe MepapXMuecKoro aepesa. g nmoayueHusd uepapxXxmuueckux rnap
IpeaJIoKeHbI ABa II0AX01a:

¢ OCHOBAHHBIE Ha 3BPUICTIKAX;
¢ JICIIOJIB3YIOIMIE€ MAILIMTHHOE o6y11eHme Ha OCHOBE METOa OIIEPHBIX BEKTOPOB.

B 06oux ciryuasix 1uist Kask[0it M3 BO3MOYKHBIX I1ap CTPOUTCS BEKTOP CBONICTB, YU THIBAIOILINIT
3HAUEHNs NPU3HAKOB, OMMCHIBAIIINX KOMIIOHOBKY — B3aMMHO€ PaCIIOJIOKEHME (COCENCTBO)
siueek, rpaduueckoe GOpMATUPOBAHIE — OTCTYIIBL, LIPUQTHI, 3ATUBKY, & TAK)KE TEKCTOBOE
coflep;KaHMe — 3aIlOJIHUTENN, KiIoueBble cioBa (“total”, “sum”), rekcuueckoe u cemanTmye-
CKO€ CXOJICTBO fU€€eK, a TAKXKe CEMAHTIIeCKOe CXOICTBO MaHHBIX. B pesymbraTe mocTpoeHms
00pasyroTcs mapbl pOOUTENh — PeGEHOK, TI0 KOTOPBIM U CTPOUTCA [AepeBo mepapxuit. [Ipu
5TOM OCHOBHOE BHUMaHMe chOKyCMPOBAaHO Ha OTIpefesieHIe epapXuil MIMEHHO B GOKOBUKE.

B paGorte [5] paccmarpuBaeTcss 9BpUCTUUECKIIT TOAXO K OTIPe/IeJIeHII0 CEMaHTUKY 3aT0JI0B-
KOB Tabnuir. B paGore oTMeuaeTcs, 4To IS MOHMMAaHMS JIEKTPOHHOI TaOIMIIbI HEOOXOMMMO
[IPOAHATIM3UPOBATE €€ CTPYKTYPY, OOHAPYKIB MAphI TUEEK C PA3IMUHBIMY TUIIAMU B3aMIMO-
CBA3€Jl B SJIEKTPOHHOI TabJMIle, M yCTAHOBUTD MEPAapXUUECKIE MHIEKCHbIE CBA3U MEXKIY
HUMIL.
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3. AIropuTm NocTpoeHus nepapxmuyeckux nap

IlpenyaraeMsIfl HaMU aJITOPUTM ITOCTPOEHNS MepapXIMIecKNX Iap AueeK OCHOBaH He UIeu
COIIOCTABJIEHNS BEKTOPOB CBOJICTB ITap gUeeK, IpeIoxKeHHbIX B paborax Chen Z. B xauecTse
UCTOUHMKA JAHHBIX paccCMaTpuBalTCs Tabauiel B popmare Excel us na6opa SAUS200 (“The
2010 Statistical Abstract of the United States”) [15]. [Ins moucka rpanuiy Tabiamiy ObLIN UCIIONb-
30BaHbI IallITUPOBAHHBIE ITIOAXOBL, IIepeoxeHHble B MeToquky FrameFinder [11]. Januas
MeTOAVKA MMeeT P OTPaHMUEHNIT — Ha OJHOM JIMCTE BO3MOKHO HECKOJIBKO TabJIull, HO
TabGINIIBI pacIIoNaraloTCsa APYT Mo ApyroM. [lid yIIpoIeHNs aHaIM3a, TaOINIIbl HAUMHAIOTCSI
c epsoro crojibia. Ha6op SAUS200 cooTBeTCTByeT JaHHBIM OTpaHNMYEHMIMIU. B pesyibrare
00paboTky, I KXol Kakgoro Excel-mokymMeHTa GbLI ITOTyUeH COIIPOBOAUTENbHBIN (aii,
cofepsKalluii HoMepa CTPOK 1 Ha3BaHUs (PYHKIIMOHAIBHBIX 00JIacTell TaOIIIIbI ¥ METalH-
dopmanun (“Title”, “Footnote”, “Header”, “Data”, “Blank”). Tak kak paccmarpuBaeTcsi 60KOBUK
— KpaltHumii JieBbIi crosber Tabnubl Excel, B quanasone “Data”.

Hamu 6bu1 HaliieH eIMHCTBEHHBIN BapMAHT IIPOrPaMMHOI pea_m/mau]/m1 aJIrOPUTMOB,
IpeayIokeHHBIX B Senbazuru [11, 12] B KOTOpOM YacTMUHO OBLIN peann30BaHbl HEKOTOPHIE U3
IIpeCTaBICHHBIX B pab0TaxX IIOJXO0bI, B OCHOBHOM KacaloIyecs IIOCTPOCHMS BEKTOpa CBOJICTB.
IlocTpoeHme BeKTOpa 3aHMMAET JOCTATOYHO AJINTEJIbHOE BpeMs TaK KaK OHM CTPOSTCS I
BCEBO3MOJKHBIX I1ap siueek. V1 TOJIBKO II0CIe aHAaI3a BEKTOPOB, OOJIbIIIA YaCTh He YUMTHIBAET-
¢4, T.K. 00pasyIollye UX Iaphl SueeK He SBIAI0TCA Mepapxueil. B paccMOTpeHHBIX MICTOUHMKAX
He IPVBOANTCS IIOJTHOE OIMCAaHIe 3BPUCTUYECKOro ajroputma. Oropapusaercs JINIIb TO,
UTO MCITOJIB3YETCA BEKTOP COMOCTABISoImit 10 yHapHBIX U 14 GuHapHBIX cBOiCTB [11]. B
a[arTIPOBAHHOI 5Ke BePCUI MBI JCII0JIb3yeM BEKTOP, COCTOSLINIL 13 15 CBOJICTB I1apsl Tabi. 3,
13 KOTOpBIX 8 cBoiicTB (Ne1-8) m3 peanmsanuu Senbazuru u 7 (Ne9—15) mpemioskeHsI B pam-
Kax aganranun. IIpu atom cBoiicTBa 5 1 15 MMeIOT MHOXKeCTBeHHbIe 3HaueHna. Hampumep,
IMO3ULNS PA3HeNINTENS 10 OTHOLUIEHUIO K OCTAIBHOMY CONEPIKMMOIO STUeKI (CBOIICTBO 5);
JaHHBIE B AYEVIKY COOTBETCTBYIOT YMCIY, CTPOKE VUIN IIPEACTABIIAIOTCA CMEIIaHHBIM TUIIOM
(cBotictBo 15). IIpu sTOM aHaNM3 THUIIA JAHHBIX S4eek Ha ypoBHe Excel He mpoBoxuTes, T.K. B
OOJBIIMHCTBE CIyyaeB OH He creluuumpyercsa. Taxke 6bLI0 coeaHo NOMyIIeHNE, UTO eCIIN
CII0co6 BRIPABHMBAHMS NAHHBIX 110 BEPTUKAJN/TOPU3OHTAIN He OIIPeesIeH, TO CUUTAEM, UTO
BBIpAaBHIBAaHIE I10 KPAl0/JIeBOMY HIDKHEMY COOTBETCTBEHHO.

Taxyke OBLIO BBIABIEHO, UTO IIPY PACIIO3HABAHNUI OTHOIIEHNI IIPELOK-TIOTOMOK MEXAY
sueiikaMy Tabann kosutekimy SAUS200 HerenecooOpasHO IPUMEHATH OLEHKY CeMaHTUue-
CKOJI OJIM30CTM 3HAUEHUI sTueek [12], ITOCKOJIBKY YIOMUHAHUS CYIIIHOCTe B OOKOBMKAX
OKAa3bIBAIOTCS JOCTATOUHO OIM3KMMM CeMaHTUYECKIL.

PaccMmoTpum paboTy maHHOTO anropuTMa. YUMTHIBAd, UTO J06asd Tabanua NHTePIpeTUPY-
eTCsl CBEpXY BHU3, TO ITaphbl pACCMATPMUBAIOTCS TOJBKO SUeeK, MMEIOIMX MEHBIINI MHIEKC —
sueiiKa poANTeNb, OONBIINIL MHAEKC — SUeiiKa IIOTOMOK. B cooTBeTcTBMY ¢ HAaIIMM IIpearo-
JIO’KEHIEM, TUeIKI B KOTOPBIX OTCYTCTBYeT Kakad-Inoo MHGopMauys He HECYT CMBICTIOBOI
Harpy3KU IIpY IIOCTPOCHUM MePAPXMUIl JaHHBIX II039TOMY OHU MTHOpupyIoTcd. Ciemayrommit
I1ar — IIOVCK sTueeK, 00pasyIoIux uepapxmueckue mnapsl. Bygem cumrars, UTo ssueiiku 00-
PasyIoT MepapXmUecKyo Iapy, eciy OTINYAIOTCI UX CTUIN OPOpPMIIEHUS, IPUCYTCTBYIOT

'https://github.com/rackingroll/Senbazuru

100



Ta6bnuua 1
CBolicTBa siueek

Ne | CgoiicTBO OnucaHne
1 BFeatureAdjacent Sueinkn 9BNAOTCA cCOCEAHUMM
i . OTcTyn B suelike noTomke 6onblue, uem
2 BFeatureChildindentationGreater y . . ’
B POAMTENLCKON siuerike
. NHpaekc siueikn notomka 6osblie YyeM MHAEKC
3 | BFeatureChildindexGreater ) y
pPOANTENbCKON SUENKN
e Pasmep wpudra B gueiike NOTOMKe MeHbLLE UYEM
4 | BFeatureChildSizeSmaller p wpnd . .
pasmep wpudTa poANTENbCKOI SUeriKku
. B paccmaTpuBaemo nape u Mexay HUMY
5 BFeatureContainColonAndTotal P P P N » « »
NPpUCYTCTBYIOT Takue cioBa kak “sum”, “total”, “:
. B paccmatpuBaemoii nape otnnuaercs
6 BFeatureBoldDiffer P « P - P
CTUAb “TIONYXNPHbIN
i B paccmaTpuBaemori nape otnvuaercs
7 | BFeatureltalicDiffer P « P . P
CTUIb “HAKIOHHbIN
. B paccmaTpuBaemori nape otnnuaercs
8 | BFeatureUnderlineDiffer pacciarp nap
CTUMb “MOAYEPKHYTbHIN
. B paccmatpuBaemoii nape otnnuaercs
9 | BFeatureBackgroundDiffer P P P
uset ¢oHa
10 | BFeatureParentlsEmptyCell PoanTtenbckas gueiika - nycrtas
11 | BFeatureChildlsEmptyCell Sluerika NOoTOMOK - mycras
. . B paccmaTpuBaemoli nape faHHble
12 | BFeaturelndentationDifferent pacemarp be A2
B iUEMKaX MMEIOT pa3iMuHbIi OTCTYN
. . . TekcT B paccmaTpmBaemoit nape nmeet
13 | BFeatureHorisontalAligmentDifferent P P P
pa3snuuHoe BblpaBHMUBAHMWE MO rOPU3OHTANN
. . . TekcT B paccmaTpuBaemoii nape nmeet
14 | BFeatureVerticalAligmentDifferent P P P
pas3nuuHoe BbIpaBHMBAHME MO BEPTUKAIM
. TekcT B paccMaTpuBaemoi nape Moxet
15 | BFeatureDataTypeDifferent P P P
OTHOCUTbCS K pa3INUHbIM TUNAM AaHHbIX

CTOII-CJIOBA, OTJIMYAIOTCSA TUIIBI JaHHBIX IIpeAcTaBieHMe cTpokaMu. [lapa sueek gaBisgerca
MIPEeAIION0XUTENbHO MEPAPXUUECKOI, €CIN IIPUCYTCTBYeT OTINUYME B OJHOM U3 CBOJICTB 1,
4,6,7,8,9,12, 13, 14, 15 u ipu 3TOM 00g3aTeJIbHO, UTO JUEKa-IIOTOMOK He HaulMHaeTcqd Ha
CTOM-CJI0BO (CBOIICTBO 5). Eciiut mpm 9TOM STUeiiKu SBIAIOTCS CMEKHBIMU (PACIIONIOKEHBI PATOM
VIV MEXAY HIIMIY €CTh TOJIBKO ITyCThIE STUEKIL), TO CUMTAEM TaKUe SUEKI MepapXIUecKoin
mapoit. B mpoTuBHOM cityuae TpebyeTcst IPOBEPUTS, SIBISIOTCS JIU STUEIIKY MepapXUell OJHOTO
ypOoBHS (MepapXmuecKas [apa) Iy IPUHAIEXAT Pa3IMIHbIM YPOBHAM (He SBIISIOTCI Mepap-
XMYECKOI mapoii). st a1oro pukcupyeTcs mo3uIys MPEAII0oNIaraeMoil AUeiiky IpeaKa, u
paccMaTpUBAIOTCS TUETIKM IIOTOMKY OT BHIOPAHHOI ¥ 0 AUEMKI-IIpeJKa He BKIIOUNTEIHHO.
B ciyuyae, eciiu Kakad-To U3 IIap gueek MMeeT II0X0)KMe CBOJICTBa, TO TOT[a CUMTAEM, UTO
runoresa 06 MepapxmyecKoil mape oATBepKOaeTcs. BymeM cumrars, 4TO BEKTOpa CBOJICTB
CUMTAIOTCS IIOXO0KMMI, €CJIV BCE CBOVICTBA, OTBEUAOIINe 3a CTUIN 0pOpMIIeHMSI COBIIAAOT.
Tunbl JaHHBIX B IIepe TUeeK MOTYT Jnb0 COBIANATD, 100 OQHA 13 AUeeK Maphbl MMeeT CMe-
maHHbI I PaccMotpuM pabory anropurMa Ha npumepe ¢pparmeHTa GOKOBMKA TaOINIIBI
puc. 3. fueiixky 1 u 3 ABNAIOTCA CMEKHBIMU U MMEIOT pasHble cTuian. IloaTroMy oHU ABISIOTCA
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1 All causes

2

3|Major cardiovascular diseases

4| Diseases of heart

5 Acute rheumatic fever and chronic rheumatic heart disease
6 Hypertensive heart disease

7 Acute myocardial infarction

8 Other acute ischemic heart diseases

9 Other forms of chronic ischemic heart disease
10 Atherosclerotic cardiovascular disease, so described
11 All other forms of chronic ischemic heart disease
12 Other heart diseases
13 Acute and subacute endocarditis
14 Diseases of pericardium and acute myocarditis

Puc. 3: [pumep nepapxnu BepTuKanbHOro 3aronoBka

MepapXI4eCcKoIl Iapoi (1, 3), rme 1 — Aueiixka NpemokK, 3 — sAueiika moToMok. [{asee B Tabiuie
OTCYTCTBYeT Kakasi-Imbo Iapa siueek MMEIOIUX TAKOIl ke BeKTOp CBOVICTB, Kak 1 y (1, 3).
[IpunepKMBasCh OMUCAHHBIX IIIATOB AJTOPUTMA ITOJIyUaeM clleayrolnue napsl (3, 4), (4, 5), (4,
6), (4, 12), (6, 7), (6, 8), (6, 9), (9, 10), (9, 11), (12, 13), (12, 14). UnenTuduimpoBaHHble Mepapxun
sTyeeK COXPAHSIOTCS B BUIE TEKCTOBOTO (aruia. [To HUM BO3MOKHO IIOCTPOUTD IIOJIHOE AePEBO
MepapXny JaHHBIX, HA OCHOBAHUI BEPTUKAIBHOTO 3aroyioBKa (DOKOBUKA) TaGIUIHI.

4. OueHka 3¢p(peKTUBHOCTUN MONYUEHHOrO peLleHUus

B paborax, IIOCBAIIIEHHBIX [TIOMCKY U YCTAHOBJIEHNIO MepapXuil TaOIMUHBIX JaHHBIX [11, 14,
12, 5] maroTcs OLEeHKU IPOM3BOAUTENHLHOCTY OIIMCAHHBIX METOIOB, OTHAKO, HET MHq)opMaum/I
0 METOAMKU, KOTopas MCIIOJIb30BaJIACh AJIA 3TOro. [IJIs OLleHKU IIpeJIOKEHHOTO pellleHNs
HaMu GBLI IIOATOTOBJIEH HAGOP MAHHBIX IJIS OLIEHKI [IPOM3BOAUTEIHHOCTH IIPEIIOKEHHOTO
MeToha.

Brura mpoBeeHa pa3MeTKa 9TATOHHBIX JaHHBIX KoJuteKimy Tabnuiy SAUS200. TaGaumibt
Habopa GBIV COIIPOBOKEHBI I[BETOBO pa3MeTKOI yPOBHEI BIOKEHHOCTH MepapXuil 3aro-
JIOBKOB. [ m3Bimeuenns nupopmanyn o6 Mepapxuu map Ha OCHOBe LIBETOBOI pasMeTKI
sueeK TabamLbl, ObLT paspaboraH koMmirieke VBA-MakpocoB reHepanyy 3TaJOHHBIX JaHHBIX.
9TO MO3BOJIMIIO ABTOMATUUECK) CT€HEePUPOBATh 3TAJIOHHBIEe aHHbIe —— HAOOPHI I1ap gueek,
OTPaKAIOLIMX OTHOLICHNSM IIPeIOK-TIOTOMOK I MiepapXuUil 3aroJIOBKOB B ¢popMare, Ipejio-
»keHHOM B paborax Chen [11, 12]. Bcero crerepupoBano 129 mepapxuit 3arooBKoB (13 200
TabImIy), copepskamux ot 2 1o 419 map siueex. OcraBmmecs 71 TabaMIa MMeIN 3aroJIOBKI
IIJIOCKOJ CTPYKTYphI. B 9TaOHHBIX MaHHBIX OBLIM O0HApY>KeHbI 5442 Maphl Mepapxuil.

B pesynpraTe TecTMpoBaHUS pa3pabOTaHHOTO IOAXO0AA OBLIO M3BJIeUeHO 3775 mepapXuii
3aroJIOBKOB B 136 tabmuuax. [{oJjig KOpPEeKTHO pacHo3HAHHBIX Iap sueek cocTaBmia 43%.
KonmuecTBO HEKOPPEKTHO PACIO3HAHHBIX I1ap KosieGyercs oT 1 mo 49, IPUCYTCTBYOIINX
B 80 tabuniax Habopa. [Ipn aToM, CIenyeT yUMTHIBATh, UTO KOJIMUYECTBO CTPOK B TabImIax
3HAUUTEJIBHO OTINYAEeTCH.
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CnenyeT OTMETUTD, YTO KOPPEKTHOCTb YCTAHOBJIEHNS MEPapXMUECKMX ITap 0Y€Hb CUJIBHO
3aBMCUT OT 9KCIIEPTHOI MHTEePIIpeTauyy TabINUHbIX JaHHBIX. B c11y 9T0r0 yacTs 3arosoBKOB
MMEIOT HEOJJHO3HAYHYIO MHTEPIIPETALMIO B aBTOMATNUECKOM M PYUHOM PeKIMaXx.

5. 3aknwoueHune

B paGore paccMoTpeH 3BpUCTMUECKUIT ITOAXO] K ITOMCKY MEPAPXMUECKUX ITap B BEPTUKAIBHOM
3aroJIoBKe TabJIMI(bl. DBPUCTUKY OCHOBBIBAIOTCS HA T€HEPALY BEKTOPA XapaKTEPUCTUK IJIs
Ka)K[I0¥1 IIaphl sueeK. BeKTop cTpouTcst Ha OlleHKax B3aIMHOIO PacIIoIoKeHMs (CoceCcTBa)
fyeek, rpa¢puueckoro GopMaTupOBaHNI — OTCTYIIBI, TAOY ALY, IIPUTHI, HATIUNE 3aJIUBKIL,
a TaKKe TeKCTOBOM COIEpKaHMM — 3aIIOJHUTENN, KIIOUEBbIE CJI0BA, TUIBI TaHHbBIX.

ITonyueHHbIe B pe3yabTaTe TeCTMPOBAHNSA II0Ka3aTe I He IBISI0TCS OUeHb BBICOKMMU BBUIY
HEOJHO3HAYHOCTY OIIpeeJIeH)SI HEKOTOPBIX 13 mepapxuit. OQHAKO OHM COIIOCTaBVIMBI C
pe3yJbTaTaMu, IOJIYUeHHBIMI C MCIIOIb30BaAHIEM 9BPUCTUUECKIX aJITOPUTMOB B paborax [11,
12]. 3a cueT MeHbIIIErO UCIIOIb30BAH XapaKTepUCTUK YOAJIOCh IIOBBICUTD 6bICTpOJI€I7[CTBI/I€
IIpU IIOCTPOEHNM BEKTOPOB.

bnaropapHocTm

PesyubTaTsl Mosy4eHs! B paMKax rocsaganns Muno6praykn Poccun o mpoekry “Mertonsr
TEXHOJIOTUY 00JIAUHOI CepBUC-OpUEHTUPOBAHHOI 1 POBOII IIaThOopMbI cOOpa, XpaHEHS
1 06paboTKM GOIBIINX 00BEMOB Pa3HOPOPMATHBIX MEKAVCLUILIMHAPHBIX JAaHHBIX U 3Ha-
HIIL, OCHOBaHHBIE Ha IIPMMEHEeHNN JICKYCCTBEHHOTO MHTEeJIEKTa, MOAEIbHO-YIIPABIIIeMOro
MoAXOoJa M MAIIMHHOro obyueHus” (HoMep roc. perucrparun 121030500071-2).
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Web Table Extraction: Problem Statement
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Abstract

Representing relational data on the Web is most naturally done through web tables. These tables con-
tain a valuable information that can be utilized for various applications such as question answering,
knowledge base population, and natural language generation. However, web tables typically lack ac-
companying semantics that allow for automatic interpretation of the presented information. The goal
of Web Table Extraction (WTE) is to recover these missing semantics so that facts can be extracted from
the tables. This process involves addressing issues such as web table discrimination and header detec-
tion. By automatically representing extracted data in relational databases, WTE provides a solution to
this problem. This paper focuses on the problem statement of WTE and discusses some of the current
research limitations.

Keywords

table recognition, table extraction, table mining, web tables

1. Introduction

Exploring the Web, the contemporary research [1, 2, 3, 4] collected hundreds of millions of
tables containing relational data: “the Web is the largest repository of data available, with over
150 million high-quality tables” as reported in [5]. The abundance of relational data contained
in web tables makes them an attractive source for various applications, including question
answering, knowledge base population, and natural language generation. However, the lack of
accompanying semantics in these tables presents a challenge for automatic interpretation of the
presented information. Web Table Extraction (WTE) aims to address this issue by recovering
missing semantics and extracting facts from the tables [6, 7, 8]. This process involves resolving
problems such as web table discrimination and header detection, and automatically representing
extracted data in relational databases. Despite the potential benefits of WTE, current research
faces limitations in effectively handling the extraction and integration of tabular data for
real-world applications.

In a general case, WTE involves the extraction of tables from web pages while attempting to
recover both their physical and logical structure. As a result, the interrelated cells of a table
become accessible to be automatically read in a logical order. WTE is breaking down into
four distinct tasks: Table Detection (TD), which identifies tables on a web page and outlines
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their boundaries; Table Structure Recognition (TSR), which retrieves the relative positions and
content of each cell in a given table, also known as the physical structure [9]; Table Functional
Analysis (TFA), which assigns predefined types to cells or regions within a table to indicate
their functional role, such as header or data; and Table Structural Analysis (TSA), which infers
logical relationships between cells, also known as the logical structure of the table [9].

The remainder of this paper is organaized as follows: the first part characterizes the problem
of WTE, regarding to the sources, tasks, and context (Section 2); the second part discusses the
common limitations of the current research (Section 3); some directions for further research
that would help overcome these limitations are considered in the conclusion.

2. Problem Statement

WTE is intended for web tables encoded in HTML. Web pages contain table borders and cell
structure designated explicitly by tags (<table>, <tr>, <td>, and <th>), i.e. the physical
structure is accessible. Nonetheless, both TD and TSR are relevant to web tables in general.
HTML tables are often used simply as a means of layout to arrange web content in a grid [2]; this
content is not relational data. TD should at least filter out such layout tables to eliminate them
in further processing. TD in web pages is usually reduced to Web Table Discrimination (WTD),
dividing HTML tables into two kinds: genuine (data) and non-genuine (non-data) [10, 11, 12, 7].

An HTML table can have an inappropriate physical structure. For example, rows and columns
can be decorative or repetitive [13]; sometimes tables can be coded using listing tags [14],
one can also come across nested tables (an HTML cell can contain other HTML tables) [15].
Generally, the analysis of the visual appearance of an HTML table instead of parsing its DOM
tree should be preferable [15]. TSR corrects such cases to make the physical structure of the
table clear for further processing [7].

TFA obligatorily differentiates metadata cells from data cells [16, 13]. This task can be reduced
to Table Type Classification (TTC) and Header Detection (HD). TTC assigns one of predefined
types (classes) to a table [2, 5, 3], e. g. listing, attribute/value, or matrix [2] (relational, entity, or
matrix respectively in [4]). Some types can also be further differentiated by their orientation
(4], e. g. listing/relational can be either vertical or horizontal. A type taxonomy can include a
class of non-genuine (non-data) tables, for example, the so-called “single-layer” classification of
[3]. In such cases, TTC takes over the function of WTD. HD separates rows/columns into two
functional table regions, namely, header and data [17, 18, 9, 6]. Note that header regions can
subdivided into head, stub, and stub head. Moreover other table regions such as body, cut-in,
and footer can also be detected. In general, HD should be regarded as Region Detection (RD).
HD/RD is closely related to Cell Classification (CC) [19, 20]. The latter is used to separate cells
into two or more predefined types, e. g. metadata or data [13].

TTC and HD/RD facilitate TFA and TSA, substantially simplifying these tasks in some cases.
For, example, if we define formal rules of the type-specific layout, they probably allow us to
automatically infer the functional annotation. The relationships between header cells and data
ones can be inferred too. More complex cases described in [21, 22] require more advanced
analysis, for example, the extraction of header hierarchies.

Simple cases, e. g. vertical listings [2], are transformed to relational database tables directly,
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so the CSV format is convenient to represent WTE output. However, the complex cases (e. g.
header hierarchies) [21, 22] require to use a more appropriate notation such as [23, 24].

Note that WTE methods dealing with HTML tables can be usually applied to CSV files. Some
of the methods even include a step of the conversion from HTML to CSV format, e. g. [18, 9].
WTE also covers wiki-tables [25, 26]. Although TD/TSR are missed when processing CSV files
and wiki-tables but TFA/TSA do not lose their relevance at all.

Some sources provide not only tabular data but also a context explaining their meaning.
For example, tables can be surrounded in sources by some text descriptions (titles, captions,
footnotes, etc.). TME extracts metadata (topics, units, time, geography, etc.) from the tables
as well as from the surrounding context [27, 28]. On the one hand, TME is an application of
TE because the extraction of metadata from tables relies on TE methods. On the other hand,
the metadata extracted from the surrounding context can enrich tables, making them more
appropriate for the further processing.

An interesting example is presented in [29]: numerical data of Wikipedia tables are often not
accompanied by units explicitly, but such omitted units can be estimated by using surrounding
contexts. It is supposed that the knowledge of the units presented in tables can improve
the results of TU. Another example: [30, 31] utilizes the semantic markups (RDFa/Microdata
annotations) that are originally inserted within web pages to support semantic indexing in
search engines. Particularly, such annotations can provide important information about entities
listed in web tables.

3. Current Limitation

The current problem statments [6, 32, 7, 33] are typically limited by wide-spread table layout
types. It is presumed that tables falling under the same type possess share the same physical
and logical properties. While this approach facilitates table type classification and enables to
propose some type-specific techniques. However, it does not encompass all possible properties
that may arise in real-life tables.

Several taxonomies of table types are established by conducting extensive web crawls [2, 3, 4].
They distinguish those types which are widespread on the Web, including, “listing”, “entity”,
“matrix”, and “enumeration” (Fig. 1, a—e). Accordingly, the existing solutions primarily address
straightforward these prevalent table types. The current research paid none or very little
attention to more sophisticated cases as reported in [5, 7, 8]. Some of them are shown in
Fig. 1, f~n. There are only a few attemts to study heading hierarchy [34, 35], key-value pairs
[36, 35], and the derived data [37, 38, 39].

The existing taxonomies of table types [2, 5, 3, 4] are incomplete, as they conflate layout
types with functional ones. Specifically, a table may serve functionally as a cross-tabulation,
while simultaneously possessing either a one-way (flat) or multi-way (matrix) layout. Moreover,
extant taxonomies fail to differentiate between various types and properties of tables. For
instance, merged or multivalued cells may be present in both flat and matrix layouts.

The current research is also limited by the “atomic” cells [7]. It is assumes that any cell can
contain only one “atomic” data item. However, in real-life tables it can be frequently observed
structured cells [7], the cases when a cell contains two or more distinct data items. (The obvious
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Figure 1: Simple cases: vertical/horizontal listing (a/b); entity (c); matrix (d); enumeration (e). Complex
cases: merged cells (f); splitted tables (g); key-value pairs (h); simple/composed multivalued cells (i/));
nested tables (k); heading hierarchy (l); factorized cells (m); notes (n). The following notation is used:
A, B,C,... —metadata (names of attributes or categories); a;, b;, ¢;, . . . — data (values of categories);
N — data (values of entries that are typically numbers).

example is units of measure, e.g. $, %, or °C, which are preceded or followed by the quantities in
cells.) Surveying the literature addressing the data extraction from HTML tables, [7] indicate
that only a few proposals deal with structured cells: [36] admit that a key-value pair can be
placed in the same cell; [40] support structured cells containing nested tables or lists. [35]
give the following formulations of the WTE tasks: TFA recognizes atomic data items in cells
and assigns the predefined functional roles (“label” and “entry”) to them; TSA extracts pairs of
interrelated atomic data items (“entry-label” and “label-label”).

4. Concusion

Two directions for further research can be indicated. The first of them is the compilation of
an inventory of table types and their associated properties, encompassing both common and
infrequent types, has the potential to advance the WTE. The achievement of this objective
would be facilitated by the development of a formal specification for table types. To the best of
our knowledge, no existing formats of such specifications currently exist. It is worth noting that
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certain domain-specific languages (DSLs) have been designed to automate the transformation
of tabular data and provide descriptions of table structures [41, 42, 43, 44, 45, 46, 35]. However,
none of these DSLs are suitable for the aforementioned inventory goals. Consequently, it is
recommended that ad hoc tools should be developed specifically for the purpose of specifying
table types and creating a library of such types.

The second direction is the involvement the structural cells. There exist two distinct ap-
proaches for treating structured cells, namely the division of structured cells into atomic ones
[40] or the direct handling of atomic data items within structured cells [35]. Regardless of the
chosen approach, the development of advanced solutions necessitates the techniques for recog-
nizing atomic data items within structured cells. Both direction for further research warrant
greater attention.
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Jivmurpuit SAxy6osekuit , Jivutpuii Kpynenés ! u Jlennc Bospxkun !

I @edepanvroe zocydapcmeennoe 6100xcemnoe yupescoenue nayku Mncmumym cucmem snepeemuru um. J1.A.
Menenmvesa Cubupckozco omoenenus Poccuiickoti akademuu nayk, yi. Jlepmonmosa, 0. 130., e. Hpkymck,
664033, Poccus

Abstract

Pabora ocBemniaer pa3zpabareiBaeMyr0 MOJICITb MUHIMHU3AIIUH Te(hUITUTa aKTUBHOW MOIITHOCTH
¢ ydeToM OaslaHca akTHBHOW M PEaKTUBHOW MOIIHOCTH. MoTuBaimeil K (GOPMHUPOBAHUIO H
TECTUPOBAHUIO JAHHOW MOJCIHU SBIACTCS HEOOXOJMMOCTh IOBBIIICHUS aleKBATHOCTU
MoOJIeJiell JaHHOTO Kilacca, a TaKKe HEeOOXOIMMOCTh ee BHEeIpEHHs B pa3pabaThBaeMyro
METOJHKY OIICHKH IIAHOBOH HAaJEXKHOCTH. B crarhbe 0003HAUYCHBI TPEOOBAHUS K MOJICIH U
mpoiecc ee (GOPMHUPOBaHKS B OCHOBE KOTOPOTO JISKAT MOJCIA MHHUMH3AIUU JehHUIIUTA
AKTUBHOW MOIIIHOCTH ¥ Mojiesid Gpopmara optimal power flow. [Ipu dhopmupoBanum Moaenu
ObUT 0003HAYCH HEOOXOIMMEBIH HabOp MapaMeTpoB, a MMEHHO - MOJAYJIM HANpsOKCHWH Ha
IIMHAX, YIJIOB (a3 HampsoKeHUH, aKTHMBHOTO M PEAKTHBHOTO CONPOTUBIICHHS, a TaKKe
c(opMHUpPOBaHbI OATAHCOBBIE OTPAHHYCHUS AKTHBHOM M PEaKTUBHON MOIIHOCTH. B pe3ynpraTe
aHaM3a SKCIIEPUMEHTOB C HCIOJB30BAHHEM CXEM C 3-Ms y3/1aMH BBISBICHA pa3HHUIIA B
pesynpTate MUHUMYMa AeduinTta MomHocTH (0T 3,05 1o 4,46%) 1o cpaBHEHHIO C 3a1a4eil Ha
OCHOBaHUM MOJICIM MUHUMH3AIMU JeDUIIUTA aKTHBHOW MOIMHOCTH O3 ydeTa peakTUBHOM
MOIIIHOCTY B 0a7TaHCOBBIX OTPAHHYCHHSX.

Keywords
MuHuMuzanus Jnedunmra MOIIIHOCTH, IJI1aHOBAs HaJCKHOCTh, ONITUMAJIBHOE
IIOTOKOpACHIPEACIICHNE, MAaTEMATUICCKaA MOJIC]Ib, AKTUBHAA U PCAKTUBHAA MOIITHOCTD

1. BeBepgeHue

B coBpeMEHHBIX YCIOBHUAX PaOOThI IEKTPOIHEPIETHUSCKUX CUCTEM, UX ITOCTOSHHOM YKPYITHEHUN
U YCIIO)KHEHUU A(PPEKTUBHOC IUIAHUPOBAHUE MX PA3BUTHS SBJSCTCS KIFOYEBBIM (AaKTOPOM ISt
obecriedyeHus] HAJAEKHOCTH W CTAOMIILHOCTH TOCTaBKH 3JIEKTPOdHEepruu motpedurensM. OmHoi u3
0a30BbIX Ollepanuii HeOOXOAMMBIX JIJIS TPOBEACHHUS KAaY€CTBEHHOTO TUITAHUPOBAHKS PA3BUTHUS SIBIISIECTCS
orieHka OanancoBoi HagexxkHoctr DOC [1 - 3]. B cBOIO ouepeib, METOIMKA OLICHKH, B OCHOBE KOTOPOH
JISKHUT METOJ CTaTucTuieckux ucibeitanuii (MoHTe-Kapno) BrirodaeT B ceOsi HECKOIBKO 3TArloB —
(hopMupoBaHUE CITy9alHBIX COCTOSIHUN CHCTEMBI Ha KOHKPETHBIH ITePHOJ], MUHUMHU3AIIUU AeQUIIUTOB
MOIIHOCTH THX COCTOSIHUH M pacueT IMOKa3aTeliel HaJeKHOCTH B KAUeCTBE OCHOBHOI'O pe3yJbTara.

BakHO# 4YacThi0 METOIMKHU SIBJIACTCS MOJEIh MUHHUMM3AIMK Je(HIMTa MOIIHOCTH, TaK Kak
KaueCTBO, KOPPEKTHOCTh U CJIOXHOCTh MOJICIH HAINpPSAMYIO BIMSIOT Ha pe3yibTaThl pacueToB. Ha
CETOTHSAITHUIN JICHD MPEICTABICHO MHOKECTBO PA3IMYHBIX MPOTPAMMHBIX KOMIUIEKCOB [4 - 19] mis
oneHku OanancoBoit HajexHoctn: ANTARES, Transmission Reliability Evaluation of Large-Scale
Systems (TRELSS), Siemens PTI PSS/E TPLAN, CORAL, Grid Reliability and Adequacy Risk
Evaluator (GRARE), PLEXOS, Multi-Area Reliability Simulation (MARS), GridView, NARP,
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MARELI;, a rtaxxke OPHMOH-M, IIOTOK-3, SAHTAPb u «Hamexnoctey. B Oompineii wactu
KOMILIEKCOB PacUeThl MIPOBOISTCS C UCIIOJIH30BAHUEM MTOTOKOBBIX, TMHEHHBIX WM JIMHEAPHU30BAHHBIX
Mojenei. B yacTu KOMILIEKCOB peaan30BaHbl MOJEIU MHUHMMM3AIUMU 3aTpaTr, YTO OTIUYAETCS OT
OpPUTHHAIBHOH 337]a9 MUHIMH3AIHUA Je(UIITa MOITHOCTH U B CBOIO OYEpPEb CTABUT T0JI COMHEHHUE
MOJTydYeHHBIE PEIIeHNS B paMKaX OIIEHKH 0aJlaHCOBOM HaJEKHOCTH.

CylecTByOIIMe MOJSIA MUHHUMH3AIUU Aeduimra MONHOCTH DDC ¢ JTUHEHHBIMHU TMOTEPAMHU
MMEIOT JIOMYIICHHUA, B paMKaX KOTOPBIX HE IOJHOCTHIO YYHTHIBAIOTCS IIOTEPH IIPH IMEPEeTOKax
MorHocTH. [lanHas npoOiemMa Obia yuTeHa B [3] 1 paspaboTaHa HOBast MOJIETh, TJ€ IOTEPHU MOIITHOCTH
3aBUCAT OT KBajpaTa IepelaBaeMOil MOIIHOCTUA U SBJISETCS OJIM3KOW MO (DU3MYECKOMY CMBICITY K
peambHON pabote O3C. OpHako Takue MOJENW IOJHOLEHHO HE YYHTBHIBAIOT PEaKTUBHOE
COTIPOTHBJICHHE, Pa3HbIE YPOBHU HANPSKEHUH M YTIBI (Da3 4TO MMO3BOJISIET TIPOBOJUTH PAacUeThl s
YKPYIHEHHBIX CXEM, HO C TOMYyIIeHUsAMU. TeM He MeHee, TAKOW MOAX0A U APYTHUE YIPOIIECHUS MOTYT
MPUBECTU K UCKAXKCHUIO PE3YJIbTATOB PA00OTHI CHCTEMBI U KX HECOOTBETCTBHUIO PEAIBHBIM YCIIOBUSM, B
TOM YHCJI€ K HaKOIUICHHIO MOTPEITHOCTEH M OMMOOK NMPW MHOTOKPATHBIX pacueTax pPa3InIHBIX
COCTOSIHUM.

HecMoTpss Ha 3TH JOMyIICHHUs, CYIICCTBYIOIIAs METOAMKA OIICHKM OallaHCOBOM HaJECKHOCTH
MO3BOJIIET MPOBOANUTH 0a30BbIC pacyeThl U aHanu3upoBarh DIC B momyctumoM (opmare. OgHako
0oJiee KOMIUIEKCHBIE PE3yNbTaThl MOTYT OBIThH MOyYEHBI B PaMKaX OIEHKH IJIAHOBOW HAIEKHOCTH C
YUETOM CIy4alHBIX MporeccoB paborel IDC, The TakkKe HEO0OXOIWMO MPOBOAUTH PacueThl ¢
KCIIOJIb30BaHUEM MOJIENIe MUHUMHU3AUH JIeUITUTa MOLTHOCTH. B By HEOOXOIUMOCTH MOBBIIIICHHS
aJIeKBATHOCTH pPAacYeTOB MHUHHMH3AIHNA Je(UIIUTA MOIIHOCTH, a Tak)Ke IMOBBIIICHUIO YPOBHS
JeTau3allid U COOTBETCTBHS pEaNbHOI (M3WKE mpoliecca CyIECTByeT NOTpeOHOCTh B pa3padoTKe
MOJICJICH C Y4eTOM aKTHBHOH W pPEaKTUBHOW MOIIHOCTH. B paMkax MaHHBIX HCCICIOBAaHHM OBLI
MPOBEJIEH AaHAM3 CYIIECTBYIOMIMX MOJENE pacueTa YCTAaHOBHBIIETOCS pEeXHMa € MOJeiel
MUHUMH3AIIH 3aTpaT ¢ YIeTOM peakTuBHOU mMourHocTH [20-23]. B pesynbraTte nccienoBanmii Oblia
pa3paboTaHa ¥ peCTaBJIcHa B JAHHOHM paboTe MOJIe)Ib MUHUMU3ALUHU Te(UITUTa MOLTHOCTH C YIETOM
AKTUBHOW W PEaKTUBHOW MOIIHOCTU JJIS OICHKHU IIAHOBOM HAICKHOCTU. Takke ObUT MpPOBEICH
CPaBHHUTENBHBIN HSKCIEPUMEHT W TEPBUYHBIN aHAW3 €€ PadoThl OTHOCHTEIHHO CYIIECTBYIOIICH
MOJICJIH C HEJIMHEHHOW TOCTaHOBKOM JIJIsl OLIEHKU 0aJIaHCOBOM HAJIC)KHOCTH.

2. MNocTaHoBKa 3agaumn

Omnpenenenne MUHUMYMa JeQHIMTa MOIIHOCTH BXOAMUT B OCHOBY METOJAMKU OIICHKH IUIAHOBOW
HaaexHoctn DOC meronom Monte-Kapno, rae xaxasiii chopMUpOBaHHBIN CilydailHbIM mHpouecc
pabotel DOC umutHpyeT €€ paboTy B COOTBETCTBHH C HCIIOJIB3YyeMOM MOJEIbI0 MHUHUMH3AIUU
nedurra Momuocty (MJIM). Pasputue mnomoOHbix Mmojenerr MJIM mpu oneHke OanaHCOBOM
HaA&KHOCTH TPOUCXOIMJIO IMOSTAlHO B TIPOLIECCE HMX HCIONBb30BaHUS U IO pe3ybTaTam
OoOHapyXEeHHBIX MPo0JeM, TaKUX KaK — (PU3NUECKH HEBEPHOE paclpeesieHHe MePEeTOKOB MOIIHOCTH,
HAJIMYHE KOJBIEBHIX IMEPETOKOB, HEOOXOMUMOCTh y4eTa KOHTPOJIUPYEMBIX CCUCHHI, aKTUBHOW H
peakTuBHOW MomHocTH. Ha cerogHamuuii aeHp Obuln pa3paboTaHbl M yCOBEPILIEHCTBOBAHBI
HECKOJNbKO Moxeneit MJIM [24-25], KOTOpbIe OTIIMYAIOTCS YYETOM TeX HIIM HWHBIX OCOOCHHOCTEH
¢ynkunonupoBanuss 33C U MMEIOT Pa3HYI0 CTENeHb aJIeKBATHOCTH M COOTBETCTBUS (PH3HMUYECKUM
mpolieccam B Iporiecce onpeaeieHus qeunura MomHoCTH. [1071b3ysCh TaHHBIM OTIBITOM TOSBIISIETCS
BO3MOXXHOCTh 3((dekTuBHON pa3paboTku HoBOW Momenu MJIM ¢ ydetoMm crenuuKd OIEHKH
MJIaHOBOM HAJIEKHOCTH.

B ocHOBe METOJVKH OIIEHKH IUTAHOBOM HAJIE)KHOCTH JIGKUT (POPMHUPOBAHHE 3aJIa4M, UCXOJIS W3
MO/JIEJIN MUHUMHU3AIIH JIe(UIIMTa MOLIHOCTH C UCTIOJIb30BAHUEM JaHHBIX (OrpaHUuEHHI ) TOTYYEeHHBIX
n3 0J0Ka reHepanny KOHKPETHBIX CIy4ailHbIX COCTOSTHUN CHCTEMBI C OCIEAYIONIeH NX ONTUMH3aLNH,
T.€. IOMCKOM MUHHMYyMa Jie(pUIIuTa MOIITHOCTH. B MaTeMaTHuecKux MoJIelisiX B Ka4eCTBe MapaMeTpOB
JOJDKHBI OBITH 0003HAYEHBI T€HEPATOPHBbIE MOIIHOCTH M HArpy3KW BCEX 30H HAJCKHOCTH/Y3IIOB,
MPOIYCKHBIE CIIOCOOHOCTH CBsA3eH, MH(OpMAIKs O MOTEPSX Ha IepeToKax MOUIHOCTH. B obuiem Bue
pemraercs 3ajada pacrpeneieHns MOIIHOCTH 0 BCEH cucTeMe Ui KOHKPETHOTO COCTOSIHHS TaKUM
0o0pa3oMm, 4YTOOBI JIOCTUYh MHHUMYyMa Je(HIMTa MOIIHOCTH, OOECIEYUTh MAKCUMYM MOKPBITOH
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HArpy3KH € y4eTOM OallaHCOB MOIIHOCTH B 30HaX HAJCKHOCTH/Y3JaX M aJCKBATHBIM, (HU3MUYECKH
KOPPEKTHBIM MIOTOKOPACTIPEIEIICHUEM.

B HacTosAmmii MOMEHT B KauyeCcTBE MOJCIM MHUHMMHU3AIUW Je()UIIMTAa MOIIHOCTU IS OLEHKU
0amaHCOBOM HAJEKHOCTH WCIOJB3YyeTCI MOJENh C YCOBEPIICHCTBOBAHHON ITOCTAHOBKOW B
HEJIMHEWHOM BHJe, 0e3 ydera pPEakTHBHON MOIIMHOCTH M KOHTPOJHPYEMBIX CEUYCHHH, KOTopas
(dhopMynupyeTcs CIeaYIOINM 00pa3oM: «/[iis1 u36eCcmublX 3HaUeHUl pabOmMOCNOCOOHBIX 2eHEPATNOPHBIX
MoOwHOCmel, mpeOyemblx YpO8Hel Hazpy30K nompebumeinel, RPOnyCcKHuIX cnocobHocmelti ceazeti I9C
u Koagpguyuenmos nomepv mowHocmu 6 cea3ix I9C Heobxooumo onpeoerumsv ORMUMATLHOE
nomoxopacnpeodenenue 8 I9C».

MaremaTHyecku, IpodiemMa MpeaCcTaBiIsIeTCs Tak:

n
min > G - ), (1)
yrri

npu C06J'IIOI[6HI/II/I HEJTUHEHHBIX OAIaHCOBBIX OFpaHH‘{eHI/Iﬁl
n

n
xi—yl-+Z(1—ajizji)zji—22ij :O,i: 1,...,7’1. (2)
j=1

j=1

a TaK)Ke OrPaHUYCHHUI HA ONTUMH3UPYEMbIC IIePEMEHHBIC:
0<y; <y;,i=1,..,n, 3)
0<x;<x;,i=1,..,n,, 4
0<z;<zji=1.,nj=1..,ni#j, %)
zi*xz;j=0i=1..,nj=1..,n, (6)

TJIe: X; - KCTIOoNIb3yeMasi MOIHOCTh (MBT) B y3ite i, X; — pacmonaraemas TeHepUpyIoIas MOIIHOCTh
(MBT) B y311e i, y; — mokpsiBaeMas B y3ie [ Harpy3ka (MBT), ¥; — BennunHa Harpy3ku B y3ie [ (MBT),
Z;j — TIOTOK MOLIHOCTH M3 y3na i B y3en j (MBT), Z;; — mpomycknas criocobnocts JIDII Mexy y3namu
i uj (MBT), z;; — moTok MomHoCTH U3 y37a j B y3en i (MBT), Zj; — nponycknas criocoonocts JIOII
Mexay ysnamu j ui (MBT) a;; — 3anaHHble TIONOKHMTENbHBIE KOO(QQUIMEHTBI YIENBHBIX TOTEPh
MOILHOCTH IIPH €€ nepefade u3 ysna jByseni,j =i, i =1,..,n,j =1, ...,n.

Koaddunmentsr ynenbHbix moteps MomHoctd B JIOII mpu e€ mepenade ObUiM ONpEENiCHbI B
COOTBETCTBHHU C [3] ¥ pacCUMTHIBAIOTCS CICAYIOIINM 00pa3oM:

Q= j=1,.i=1,.1i#], (7

Jt U,fomcosqo]-l

[JIe: 7j; — aKTHUBHOC COMPOTHUBIICHHE JWHUH 3JIEKTPOIICpeIad MEX/y 30HAMH HAAEKHOCTH | I,
Om/xM; U,y — HOMHHAIBHOE HANPsDKEHUE JTMHUN AJIEKTPONIEpeaud MEXK1y 30HaMH HaIEKHOCTH j U
i, kB; cos@j; — ycpenHEHHbI KOI()QUIMEHT MOIIHOCTH MEK3OHHBIX CBSI3EH MEKAY 30HAMH
HaJIEKHOCTH j ¥ i (0OBIYHO TpHHUMaETCs paBHBIM 0,9).

[pencrasnennas moaens MM (1) - (6) ocHOBaHa Ha MOAETSAX MOTOKOPACHPEICICHUS B 00IaCTH
OLIEHKHM 0aJIaHCOBOI HaJEKHOCTH M COOTBETCTBYET CTAHJAPTHOMN IOCTAHOBKE TPAHCIIOPTHOM 3a/1auH.
OcHoBHasg yacTb Mozenu (HOpMHUpYyeTcsl 3a cueT OaJaHCOBBIX OTPAaHUYEHHUI PABEHCTB, KOTOPHIE
pEerynupyIoT MOJETUPOBAaHUE pACIpENeeHNs] aKTHUBHOM MOIIHOCTH TpH TMepeTokax. Taxke s
KOPPEKTHOTO MOJEIUPOBAaHUSI BCTPEUHBIX IEPETOKOB MOIIHOCTH HCIIOJIB3YETCSl JONOJHUTEIBHOE
orpaHuueHue (6), 3TO MO3BOJAECT BHECTH OJHO3HAYHOCTH B HAlpaBlIEHHE MEPETOKa MOIIHOCTH B
KaXJIOM PEKUME Pa0OThI CHCTEMBI.

Kak mokazano B ¢popmyne (7) KoaQPHUIMEHTH YASIbHBIX MOTEPh ONMPEAEISIOTCS TOJIBKO C yIETOM
AKTHUBHOTO COTPOTHUBICHUS M YCPEIHEHHBIM KO3()(UIIMEHTOM MOIIHOCTH MEK30HHBIX CBS3EH, UTO
HECOMHEHHO yrmpomiaeT pacdersl. OJHAKO MOJENH TaKOro IUIaHa HE YYUTHIBAIOT PEaKTUBHOE
COIIPOTHBIICHNE, pa3Hble YPOBHH HANPSHKEHUH M yIIibl (a3 4To MO3BOISET MPOBOJUTH PACUEThI ISt
YKPYIHEHHBIX CXE€M C JONYyIIEHUsMH. TeM He MeHee, TaKOH MOAXOJ W APYrue yHpOILEHUS MOTYT
MPUBECTH K UCKAXEHUIO PE3yJIbTaTOB Pa0OTHI CUCTEMBI U MX HECOOTBETCTBHIO PEAIIbHBIM YCIOBHSIM, B
TOM YHCJI€ K HAaKOIUIEHHIO IMOTPEIIHOCTEH M OMMOOK NMpPH MHOTOKPATHBIX pacueTax pPa3iIndHBIX
COCTOSIHHH.
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[locTosHHBIA TIpoOIlECC  YCIOXKHEHWS W YKPYHHEHHS OJCKTPOIHEPTETUYECKHX  CHUCTEM,
HEOOXOIUMOCTh y4yeTa UX OCOOCHHOCTEH W mepexoi K Oosiee MoIpoOHBIM cXeMaM AJisi KOPPEKTHOTO
pelIeHns 3aJauu OLUEHKH OanaHcoBol HaaexkHocTu DJC, a TakkKe 3aJaud TUIAHUPOBAHUS Pa3BUTHS
99C, TpebyeT OOHOBIEHHS CYIIECTBYIOIIMX MOJIENEed M TOJXOAOB C YYETOM JIOIMOIHUTEIHHBIX
MapaMeTpoB CHCTEM M HHU3KOYPOBHEBHIX pacdeToB. B mepByro oudepenpb MOBBIMIEHHE (DU3HMUECKON
a/ICKBaTHOCTH MOJIeNeld JO0DKHO OBITh NPOBEACHO 3a cueT Jo0aBieHHss OanaHca aKTHBHOW U
PEaKTUBHOM MOILIHOCTEH, CONPOTUBICHUM U MOTEPh HA MEPETOKAX MOIIHOCTH B CYLIECTBYIOIIYIO
mozensb (1) - (6). Ilpu aTom meneBast pyHKIMS BCe TakKe JOJDKHA OBITH MUCIIONB30BAaHA I pacueTa
neQHUINTOB aKTUBHON MOITHOCTH. OCHOBHBIE KOPPEKIWH CYIIECTBYIOLICH MOIEIH TOJKHBI KOCHYThHCSI
0aaHCOBBIX OrpaHMYCHHUH, & MMEHHO pacueTOB MOIIHOCTH M TOTEPh MPH MEPEeTOKaxX C Y4eTOM
BO3MOXKHOH pa3HUIIBI HATIPSKEHHA, YTIIOB eT0 (pa3bl ¥ CONPOTHBIICHUH.

Taxum 06pa3oM ycOBEpIICHCTBOBaHHASI MOJIEIb JOKHA ObITh c()OPMHUPOBaHa B paMKax MojeJeH
nono6HbIx Optimal Power Flow mpuMeHsieMbIX B 007aCTH SHEPTETHKH MPU Pa3lIWYHBIX pacueTax.
Pa3zpabarbiBaemast Monmenb MpenrnoiiaraeT B KadecTBe MelIeBOW (YHKIMA 0003HAYUTh MHHHUMYM
neduITa aKTHBHOW MOIITHOCTH:

n
minZ(Pg}ax — Ppy), ®)
i=1
TIPH BEITIOJTHEHUH OajaHCOBBIX OTPAaHMYEHUI C y4ETOM aKTHBHOW M PEaKTHBHON MOIIIHOCTH Ha
IIHUHEC:
n
g _ d L
NI
gea deD j=1
n
>or= Yo+ Sop
gea deD j=1
BCIIOMOTI'aTCJIbHOM pacy€TE MOIITHOCTH IIPH MEPETOKAX:
1
L _ 2 .
Pi=7r12 [rij (v} — viv; cos(6; — 6;)) + xi;(viv; sin(6; — 6)))], (11)
ij ij
L __ 1 2 :
O =732 [xi;(v} — vivj cos(6; — 6;)) + 11 (viv; sin(6; — 6;))], (12)
ij ij
nu OFpaHI/I‘leHI/Iﬁ Ha NEPCMCHHBIC!
PiD,min < PiD < PiD,max’ (13)
PiG,min < PiG < PiG,max’ (14)
QiD,min < lD < QiD,max, (15)
QiG,min < lG < QiG,max, (16)
omin < 9, < om, (17)
v <y, < pM9 (18)

L

rne D — nabop morpeduresell Ha muHe, Harpy3ka; G — HaboOp reHepaTOpOB Ha IIMHE, TCHEPAIIus;
L — nabop cBszeid; i, j — muHbL, y3ibl; PY — cyMMapHas akTMBHASL MOIIHOCTh T€HEPAaTOPOB Ha IIWHE i
PP — cymmapuast akTMBHAS MOIIHOCTb HArpy3KM Ha IIHHE i; QF — cyMMapHas peakTHBHAs MOIIHOCTD
reHepaTopoB Ha mHHe i; QP — cymmapHas peakTHBHAS MOIIHOCTH HATPY3KH Ha IIHHE 75 @ — yro (Bassl

HaNpsOKCHUA Ha IMUHE, V; — MOAYJIb HAIIPSXKCHUS HA IIUHEC l, rij - AKTUBHOE€ COIIPOTHUBJICHHUEC JIMHUUN

MEK]y Y3IaMU/IIMHAMM § ¥ 5 X; j — PEaKTUBHOE CONPOTHBIICHUE JINHUU MEXKIY y3JIaMU/IIUHAMHY [ H j.

Taxum 00pa3om JaHHAs MOJIENb A0JDKHA OyIeT yUUTHIBATh TIyO0KyI0 criennpuKy pasnuuabix 99C, u
B CBOIO Oouepe/ib NOTpedyeT KOPPEKTHBIE HAOOPHI IAHHBIX.

3. dKcnepumeHTasbHaA 4YacTb
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DKCIepUMEHTAIbHBIE pacdeThl MPOBOAMINCH ISl CHCTEM Pa3IndHON KOH(UTYPALNH, ¢ pa3HBIMU
HayvalbHBIMU NapameTpaMu. [IpoBepka paboToCIoCOOHOCTH MOJIENH, YIUTHIBAIOIIEH OaaHC aKTHBHOM
U peakTHBHOW MomHOCTH (8) - (18) M cpaBHEeHHE MONYYEHHBIX PE3yIbTAaTOB C Mojenbio (1) - (6)
IPOBONMIIOCH Ha cucTeMe ¢ 3 y3mamu. OIHAKO B IKCIIEPUMEHTAaxX HCIIOIb30BAJIOCh HECKOJIBKO
TECTOBBIX COCTOSIHUM CHCTEMBI, OCHOBHBIE PE3yJIbTaThl OBUIM BBIHECEHBI B JaHHYIO padoTy Ha
npuMepax ABYX COCTOSHUM, TJe MepBOE COCTOSIHUE MOKAa3aHO HA PUCYHKeE 1.

x,=100.0 MBT x,= 100.0 MBT P —100.0 MB
y. = 0.0 MBT 2,z y,= 0.0 MBT P, = 100.0 MBr @ g2” 4 @
—_ 2% \ = le= 100.0 MBap 0 .= 100.0 MBap™~

g

P,,=250.0 MBr

X, = 0.0 MBT
. y,=250.0 MBr 0,,=250.0 MBap +
a) 6)

PucyHoK 1: TectoBasa cuctema Nel (a) — ¢ 3 yanamu ana moaenu (1)-(6), (6) — ¢ 3 ysnamum ana moaenu
(8)-(18)

Ha pucynke 1.a 0003HaueHa cxeMa CUCTEMBI, HCTIOJIb3yeMast B mape ¢ Moenbio (1) — (6), B naHHOM
Cllyyae CUMTAETCs, YTO KaKIbI y3€l COBMELIAaeT B ce0e pacnoiaraeMyro reHepHupyOLIyI0 MOLTHOCTb
(X) u BeIMUMHY Harpy3KkH B y3ie (y), a BCe MOTepH BHYTPH y3J1a paBHBI HYITIO, Y3JIbI TAKXKE COCTMHEHBI
CBSI3IMHM KaXK/1asi M3 HUX TNPEJCTAaBIICHA MepeToKaMu (z) B MPSAMOM M O0OpaTHOM HampaBieHuH. Ha
pucyHke 1.0 mpeicTaBieHa cxema CUCTEMBI C JABYMsI TeHepaTopaMH NMPUMBIKAIOMMX K 1 U 2 y3mam
COOTBETCTBEHHO U OJHOW HAarpy3KOW Ha TPEThEM y3JI€, BCE Y371l COeIMHEHHBIMHU TPEMS IINHAMH.

B pesynbrare BeIYHMCICHUN OBIIM MOJMYYEHBI 3HAYCHUS LENEBOW (YHKIMU U ONTHMH3HPYEMBIX
MEpEMEHHBIX IS 3a7ad, OCHOBaHHBIX Ha JIBYX Moneisix. Kak BumHO w3 Tabmuibl 1 B pesyibrate
onTUMU3auM 3ana4un o moaenu (1) — (6) agegummr coctasun 51,842 MBT, u ObTn 3a1€ICTBOBAHEI
IBa nepeToka MoiHocTH z23 u z13. Takoe moTokopacrpee/ieHHe MOIIHOCTH - KOPPEKTHO, TaK Kak
MPEIoNarajJoch 4To 3a CYeT MPOQUIMTHBIX Y37I0B 1 M 2 W CBs3el C MPOMYCKHOH CIOCOOHOCTHIO
pasnoii 100 MBt Gyzner obecnieuena Harpyska B 3 — gepunurHoM y3ne. C 1pyroil CTopoHsl, 3a1aua,
ocHOoBaHHas Ha Mojienu (8) — (18) mokazana MUHUMYM Jie(UITUTa MOIITHOCTH Ha ypoBHE 49,519 MBT
41O cocTaBister 2,323 MBT pa3HuIipl, pu 3TOM 3arpy»KaroTcs Bce TPU CBS3H.

Tabnuua 1
NcxoaHble napameTpbl U pe3ynbTaTbl BbIMUCAEHWUIN C UCNONb30BaHMeEM moaenen (1) - (6) u (8) - (18)
ana TectoBbIx cuctem Nel u No2

MapameTpbl  OrpaHuyeHma Nel PeweHwne Nol OrpaHunyeHmna Neo2 PeweHune No2
obj 0 + INF 49.51 51.84 0 + INF 19.80 20.42
Pgl x1 0.00 100.00 100.00 100.00 0.00 100.00 100.00 100.00
Pg2 x2 0.00 100.00 100.00 100.00 0.00 100.00 100.00 100.00
Pg3 x3 0.00 0.00 0.00 0.00 0.00 100.00 100.00 100.00
Pd1 yl 0.00 0.00 0.00 0.00 0.00 50.00 30.19 50.00
Pd2 y2 0.00 0.00 0.00 0.00 0.00 20.00 20.00 20.00
Pd3 y3 0.00 250.00 200.48 198.15 0.00 250.00 250.00 229.57
PL12 z12 0.00 100.00 -23.00 0.00 0.00 100.00 -13.65 9.84
PL21 221 0.00 100.00 23.02 0.00 0.00 100.00 13.66 0.00
PL13 z13 0.00 100.00 -76.99 100.00 0.00 100.00 -56.14  40.15
PL31 z31 0.00 100.00 77.18 0.00 0.00 100.00 56.22 0.00
PL23 z23 0.00 100.00 -123.02 100.00 0.00 100.00 -93.66 89.78
PL32 232 0.00 100.00 123.29 0.00 0.00 100.00 93.77 0.00
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JlaHHBIC pe3yibTaThl MOKa3bIBalOT PabOTOCHOCOOHOCTh pa3pabarbiBacMon moaenu (8) — (18) u
pa3HUIly YpPOBHsS MHHUMyMa jaedunura MomHocTH B 4.48% JUIsi TIpEACTAaBICHHBIX HAa PUCYHKE |
mooOHbIX cxeM. OjHaKo, cyliecTBeHHbIM jgonoiaHeHueM (8) — (18) sBisieTcss BO3MOXKHOCTh ydeTa
PEaKTHBHOM MOIIHOCTH TPH pacyeTax, YTo BIHACT Ha MOTOKOpACIIepeICIICHIE, a aHAIH3 MTOTYYCHHBIX
JNAHHBIX JUIS pa3pabaThIBAaGMON MOJENM TIOKa3an 3arpy3Ky JOTOJHUTENBHBIX JHHUHA. JlaHHas
0COOCHHOCTB PE3yJIbTaTa MOIJIa CYUTATHCS HEKOPPEKTHBIM MTOTOKOPACIIPECIICHUEM JIJIS 33]1a4 MOZICITU
(1) — (6), T.K. IpH aHATUTHYECKOM pEIICHUH W KOPPEKTHOM IIOTOKPACIIPEACIICHUH, Iepeaada
MOIIIHOCTH CKBO3b JOIIOJIHUTENBHBIN y3€J He JolycKanack. B ciydae ¢ mogensio (8) - (18) Hammume
MapaMeTpoOB YPOBHS HANPSOKCHUsS, YIJIOB (a3, akTUBHOI'O M PEAKTUBHOTO COTPOTHBIICHUS, MOXET
BIIUSTH HA MOTOKOPACIIPEICIICHUE MTOJ00HBIM 00pa3oM. Pe3ynbTaThl ONTHMU3ANMHN TOTIOTHUTEBHBIX
ImapaMeTPOB U PEAKTUBHON MOITHOCTH 0003HAYCHEI B TaOIHUIIE 2.

Tabauua 2
[JononHuUTENbHbIE CXOAHbIE MapaMeTPbl U Pe3y/bTaTbl BbIYMCAEHUIA C UCMONb30BaHNEM moaenu (8)
- (18) ansa TectoBbIx cuctem Nol n No2

MNapameTpbl OrpaHnyexna Nel PeweHne Nel OrpaHunyeHuna Ne2 PeweHne No2
Qgl 0.00 100.00 100.00 0.00 100.00 0.00
Qg2 0.00 100.00 100.00 0.00 100.00 0.00
Qg3 0.00 0.00 0.00 0.00 100.00 77.77
Qd1l 0.00 0.00 0.00 0.00 50.00 50.00
Qd2 0.00 0.00 0.00 0.00 20.00 20.00
Qd3 0.00 250.00 180.89 0.00 250.00 0.00
QlLi2 -INF +INF -22.68 -INF +INF 18.57
QlL21 -INF +INF 22.16 -INF +INF -18.84
QLi3 -INF +INF -77.31 -INF +INF 31.42
QlL31 -INF +INF 69.10 -INF +INF -34.77
QlL23 -INF +INF -122.16 -INF +INF 38.84
QlL32 -INF +INF 111.79 -INF +INF -43.00
01 -1.00 1.00 0.94 -1.00 1.00 0.95
02 -1.00 1.00 0.95 -1.00 1.00 0.96
03 -1.00 1.00 1.00 -1.00 1.00 1.00
vl 198.00 242.00 198.00 198.00 242.00 198.00
v2 193.50 236.50 200.19 193.50 236.50 196.06
v3 184.50 225.50 208.53 184.50 225.50 192.71

Eme oauH sKcriepuMeHT ObUT MTPOBECH C UCTIONB30BAaHUEM JIPYTUX JAaHHBIX, IPEICTABICHHBIX Ha
PHUCYHKE 2, TIle KOKIOMY M3 Y3JIOB/IIMH OBLIM ONpeleNieHbl KaKk Harpy3Kka, TaKk W TeHepaius, 4To
MO3BOJIMIIO MIPOTECTHPOBATh MOJIEb Ha MPABMIBHOCTh TOTOKOPACTIPENIEICHHSI B YCIOBHAX HAJTHMYHSI
COOCTBEHHOHN TeHepalMi Ha Y3JIe/IIMHE W BO3MOXXHOCTH CHIDKEHHS Ae(HUINTa B/HA COCETHHX
y3J1ax/IIHAX.

X, =100.0 MBT = 100.0 MB
500 MBr P ZGOMBT Py~ 100.0 MBr v.0 v,, 0 Pez
= 50. =20. T a ’ ’
Y, . z,,2, Y —~ Q_ =100.0 MBap T S Q,
A g.
2 P =50.0 MBT — ] P =20.0 MBT
d1 d3
o QdI:SO.O MBap

Q,;=20.0 MBap
23" 32 P =250.0 MBT
d3

P_,=100.0 MBT }
Q= 100.0 MBap Q,,=250.0MBap

100.0 MBT
100.0 MBap

x,= 100.0 MBT
¥, =250.0 MBT

a) 0)
PucyHoK 2: TectoBas cuctema No2 (a) — ¢ 3 yanamu gns mogenu (1)-(6), (6) — ¢ 3 wmHamum gns mogenm
(8)-(18)
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[To pe3ynpTaTamM ONTHMU3ALKUN TECTOBOM cucTeMbl No2 (Tad.1) Obutd moaydeHbl 3HadeHus 20,428
MBrTt 1 19,804 MBT st 3ana4 (1) — (6) u (8) — (18) Mozeneii COOTBETCTBEHHO, I'/Ie pa3HUIA COCTABIISCT
0,624 MBT unu 3.05%. B mporecce ontumHu3anuy 3anad 1mo o0CHM MOJCISAM Il MUHHMU3AIUN
nedunmra B 3 y3me ObUM 3a7ieiicTBOBaHBI MepeToku 3-1 m 2-3, ogHaKko TakXke OBLT MCIOIH30BAH
mepeTok 1-2, B yeM HET MpAMON HEOOXOIWMOCTH, TaK KaK T€HEpaIMH XBaTajo UIi 0OecIedYeHus
BHYTPHY3JI0OBOH Harpy3ku. JlanHas npobnema monenu (1) — (6) paHee pemanach ¢ IOMOIIBIO pUKcan
ONITHMHU3MPOBAHHOTO YPOBHS MOKPBITON HArPy3KH M AOMOTHUTEFHONW ONTHMH3AIAN 110 CyMME HOPMBI
MEPETOKOB MOITHOCTH. Takke OBUIO OOHApYKEHO, YTO MPU pemieHu: 3aaa4du o moxenu (8) — (18)
nokpsiBaeTcst Tonbko 30,196 MBT u3z 50 MBT nHarpy3ku. B nanbHelinem miaaHupyeTcsl IpOBECTH
JOTIOJTHUTENBHBIN aHanmu3 padoTsl Monenu (8) — (18), a Takke BHEIPUTh HEOOXOAUMBIE YTOUHEHHUSI 1
YITyqIIeHUS [Tl TIOBBIMIEHHS €€ TOYHOCTH U aJeKBATHOCTH.

4. 3aKknwuyeHue

B pabote paccmoTrpena 3amada pa3paboTKU MOICIM MUHUMH3AIMHY Je(UIIMTa aKTUBHON MOIIHOCTH
c yderoMm OanmaHca akTUBHOW M pPEaKTUBHOW MOIIHOCTH. Pa3paboTaHHass Mojaelh CpaBHHBAlIach C
HEJIMHEWHOW (KBaapaTU4HAs) MOJEIbI0 MHHMMHU3AIUK JAC(QUIMTA AKTUBHOW MOIIHOCTH B
AIIEKTPOIHEPTETUYECKUX CHCTEMax, HO C YYeTOM TONbKO OanaHca aKTHBHOM MOIIHOCTH.
PazpaGoranHass Mozmenb YYMTBIBAET HECKOJIBKO [OMOJHHUTENBHBIX MapaMEeTpPOB IO CPAaBHEHHIO C
uMeroneiica, a UMEHHO - MOIYJIM HampsDKeHUH Ha IIMHAX, Yriibl (a3 HaOpsHKCHUH, akKTHMBHOE U
peakTHBHOE compoTuBieHus. [Ipu pa3paOoTke MOJETH HCIOJB30BaH IMOAXOA K (HOPMHPOBAHHIO
0aJaHCOBBIX YPaBHEHUH MUHUMH3AINHU e(UINTA AaKTUBHON MOIIHOCTH, COOTBETCTBYIOIIUX MOZEIISIM
Optimal Power Flow. [l mpoBeaeHNs SKCIIEPUMEHTAIBHBIX UCCIIEAOBAHUH HCIIOIb30Balach CXeMa C
3-ms y3mamu. g Kaxmod cucTeMBl MPOBOJMIOCH HECKONbKO ucnblTaHuid. Ilo pesynbratam
MPOBCACHHBIX OSKCICPUMEHTOB BLIABJICHO, 4YTO PE3YyJIbTAaThl PEIICHUA 3agad Ha OCHOBAaHUHN
pa3paboTaHHOW MOJENH OTJIMYAIOTCS OT PE3yJbTaTOB pEIICHUs 3aJad, Ha OCHOBE MOJEIH
MPUMEHSIEMON Ipu oleHKe OamaHcoBoi Haa&xHocTH Ha 3,05-4,46%. Takke BBISIBICHO pa3iIMYHOE
[IOTOKOpACIpe/ieieHne B BHJAE JIOTMOJHUTENBHBIX MEPETOKOB MOUIHOCTH. Takoe TIOBeAeHHe
OOBSICHAETCS HAIMYMEM Yy4yeTa PEaKTHMBHOW MOIIMHOCTH M 3aBHCHUMOCTH OT JONOJHUTENIBHBIX
MapaMeTpoB YPOBHS HaNpPsDKEHUs, YIIIOB (a3 M conpoTHBIeHUN. B nanpHeimem OyayT mpoBeIeHbI
WCTIBITAHUS Ha cXemax Oonblledl pa3MepHOCTH, TIe, Kak OXHJIaeTcs, pasHuua Oyner Oojee
CYIIECTBEHHOM!.

5. bnaropgapHoctu
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AHanun3 poccMMUCKOro pbiHKa IT-ycayr

Muxani bananmun /, Ossra BamapI/IHal

I Vpanocruii 2ocyoapemeennoiii sxonomudeckuii yuueepcumemy, 8 mapma 62, Examepunoype, 620144, Poccus

AHHOTauuA

B crarpe npeacraBneno uccnenopanue [T-peiHKa U, B 4acTHOCTH, peiHKA [T-ycmyr 3a nepuon
2011-2022 rr. st npoBeJEHUS UCCIIEIOBAHUS UCIOJIB30BATMCH PA3INYHbIC AHATUTUYECKUE
Marepuansl. 1lonroroBka, aHanM3 U BU3yaaH3alys JaHHBIX OBIIM BBIOIHEHBI IPH TOMOIIH
WHCTpyMeHTa OusHec-aHamuTukun — MS Power BI. B pesynbrare uccnemoBaHus ObLIO
OIIPENEIIEHO, YTO poccuiickuil peiHOK IT-yciyr MMeeT MoIoKUTENbHYI0 JUHAMUKY Ha BCEM
untepsane 2011-2022 rr.

Kntouesble cnosa
Pemnok IT, pemHok IT-ycnyr, ananus jaHHbIX, BU3yanu3alnys JaHHbIX, Power BL

1. BeBepeHue

CounanbHbple, 3KOHOMHYECKHE M TCONOJIMTHYECKHE COOBITHS MOCIEOHUX JIET OKa3alu
CYIIECTBCHHOE BIHMSHHE Ha Bce C¢epbl YeIOBEYECKOM MEsITEeIbHOCTH, B TOM 4YHCIE BHECIH
3HAUHUTENIbHBIE WM3MEHEHUS Ha PBIHOK HMHOOPMAIMOHHBIX TEXHOJOTHH. YXon 3apyOexkHbIX [T-
KOMIIaHHUH C POCCUICKOr0 PBIHKA, OTTOK KBAJTH(PULIUPOBAHHBIX KaJIPOB, OTKA3 MHOCTPAHHBIX KOMITAHHIMA
OT TPUBJICYCHUS POCCUHCKHX Pa3pabOTUMKOB M MHOTO€ APYroe — BCE 3TO MOBJIEKJIO 3a cOOOM
CTPYKTYPHBIC HM3MEHEHHs B OJHOM M3 CAMBIX JUHAMUYHO PA3BUBAIOIIMXCS OTPaACied SKOHOMHMKHU
Poccun — IT-otpacinu.

2. Metoponorua v pesynbrtaTbl UCCnenoBaHUA

Jiist mpoBeieHus aHaIM3a HeOOXOAMM COOTBETCTBYIOLIMI Ha0Op JAaHHBIX — JataceT. B oTKpbITOM
JOCTyIle HET TOTOBOTO Jaraceta mo oobéMam peiHKa [T m IT-ycmyr, moatromy HeoOXoanmMo ObLIO
arperupoBath JaHHBIE U3 JIOCTYIHBIX UCTOYHHMKOB. B KadecTBe TaKMX HCTOYHUKOB MCIIOJIH30BAIaCh
CTaTUCTUYECKHE U aHAJTMTUYECKHE MaTepHaibl KPYIHEHIINX areHTCTB, CIEHUATH3UPYIOLINXCS B TOM
yucae Ha aHanuze poccuiickoro peiHka IT: TAdviser u Cnews Omudka! MCTOUYHMK CCHUIKH He
HaiineH., 2]. Takxke ObuM 3amelicTBOBaHBI cienyrome pecypebl: Forbes, UKC menna u Peiitunr
Pynera nyig nonmyvenust nHGOpMaKu O PIHKAaX 00JIauHBIX YCIIyT, AaTa-IEeHTpax U BeO-pa3paboTke. B
pesyibraTe Oblia copMUpOBaHA IMOJHOLEHHAs 0a3a JaHHBIX AJISl NPOBENCHUS AaHAJIUTUIECKOTO
HCCIIEIOBAHHUA.

Jia TMOATOTOBKHM, aHajW3a M BHU3YyalM3allMM JaHHBIX HCIOJB30BAJICS WHCTPYMEHT OW3HEC-
aHanmtuku — Microsoft Power BI. B Tabnune 1 npencraBienst o0beMbl [T-ppIiHKa B IIETTOM U BBIJEIICH
cektop [T-ycayr 3a mepuon 2011-2022 rr.

Anamm3 06bémoB IT-priHKa, TOKa3bpIBaeT, YTo OH mepexkun kpuzuc B 2013-2014 rogax u cmor
onpaBuThes muiib K 2021 roxy. Yke B 2022 roay Mbl BHOBb HaOmonaeM ciaa o0sémMoB I T-peiHKa 10
19,2 mapa. $ mo cpaBrenuto ¢ 31,2 mupa. $ 8 2021 rogy (pucyHok 1a). Kak v B Iponuiblii pas, TeKynmi
CHaJ| phIHKa BBI3BAaH OOIEIKOHOMUYECKUMH U MOJUTHICCKUMHU (PaKTOpaMH.
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00bEM prraka IT-yeryr Tak sxe nmepeskmt kpuzuc B 2013—2014 rr. u cMOT BBIATH Ha TOKPU3HCHBIH
ypoBeHb b K 2021 rony (pucyHok 1b). Ognako 2022 rox He ctan ajst poiHka [ T-ycmyr Kpu3ucHbBIM:
00bEM phiHKa B 2022 rofy BBIPOC MO CPaBHEHUIO C MPEABIAYIINM MEPUOJOM M COCTAaBUI 8,2 MIPA.
JOJJIApOB.

Tabauua 1

OnHamunka o6bemos pbiHKOB IT u IT-ycnyr
loa IT-pbIHOK PbiHOK IT-ycnyr

06béM, mapa,. S AnHamuKa, % 06béMm, mapa. S AnHamuka, %

2022 19,1 -39% 8,15 5%
2021 31,2 27% 7,76 15,0%
2020 24,7 2% 6,75 21,2%
2019 24,2 7% 5,57 9,2%
2018 22,6 1% 5,10 -1,2%
2017 21,8 28% 5,16 19,7%
2016 17,0 -2% 4,31 -4,6%
2015 17,4 -41% 4,52 -31,2%
2014 29,3 -15% 6,57 -14,7%
2013 34,5 1% 7,70 17,2%
2012 34,0 6% 6,57 10,6%
2011 32,1 15% 5,94 26,4%

O6nem, mipa. $

O6nem, supp. §

2012 2014 2016 2018 2020 2022 Y 2014 2016 2018 2020 2022

PucyHoK 1: [luHamunKka o6bEMOB pbiHKa IT (a) 1 pbiHKa IT-ycayr (b)

Jnsi OuLeHKHM pocTa HUCCIEAYyeMbIX PBIHKOB OBUIM PAaCCUUTaHbl 3HAYCHHS COBOKYIHOTO
cpeauerogoBoro remia pocta CAGR (Compound Annual Growth Rate). 'maBroe noctonncteo CAGR
— OH JIa€T MPOCTYIO OLIEHKY B BHJIE YCPEIHEHHOTO MPOLEHTA POCTa, H, COOTBETCTBEHHO MOXKET OBITH
WCTONB30BaH AJsi OBICTPOro aHaju3a MpOLIENIIEro Mepuoja M MONTyYeHHs IEPBOrO MPOTHO3HOTO
npuOIrKeHus. Yarne BCero 3TOT pacdeTHBIA MOKa3aTeldb MCIOJNb3yeTcsa A paboTsl ¢ OOBEKTaMH,
MTOBE/IEHNE KOTOPHIX BBIPAXKAETCS CIIOKHBIMH 3aBUCUMOCTSIMH [ 3, 4].

B pamkax mposenenHoro ucciepoBanusi Obuin paccuutanbl 3HaueHus: CAGR mns IT-poiaka u
peiHKa IT-ycmyr 3a gBa mepmopa: 2011-2022 rr. m 2021-2022 rr. IlomydeHHble 3HAYEHUS
TIOATBEPKIAIOT MOJIOKHUTENBHYIO AUHAMUKY phiHKa [T-ycmyr (pucyHok 2).
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-21,8%

-4,2%
(a) (b)

PucyHoK 2: CoBOKYMHbIM cpeaHeroaoBoi Temn pocra 3a nepmog 2011-2022 rr. (a) u nepuog 2021-
2022 rr. (b). ® PoiHok IT-ycnyr, @ PbiHoK IT.

3. 3aKknwueHue

Pe3ynbTaThl MPOBEAEHHOTO UCCIEA0BAHNA TO3BOJISAIOT TOATBEPAUTH MHEHUE, YTO poccuiickuil IT-
PBIHOK JICHCTBUTENILHO MOABEPICS 3HAUMTEIBHOMY BIMSHHUIO OOLIETO SKOHOMHYECKOIO KpH3HCa H
HaxoJUTCA B Tpoliecce CTPYKTYPHBIX H3MEHEHHI. MHorre koMnanuu Poccnn oka3annuch B CUTyallH
MOTEPU CTapbIX HAJIAXKEHHBIX SKOHOMHYECKHX CBS3EH U MOCTABIIUKOB, OTTOKA KBAIU(UIIMPOBAHHBIX
KazpoB U np. Bcé 3To B nosiHOM Mepe oTpa3uiiock U Ha [T-orpacnu Poccuu.

PeHOK IT-ycayr moasepress 5JKOHOMHUYECKOMY KPU3HCY B 3HAUMTEIBHO MEHBIIEH Mepe, HeXeln
poiHOK IT. He 3pst Bcé Gospliiee 4nciio KOMIAHUA 00palaroT CBOE BHUMaHWE UMEHHO Ha pBIHOK [T-
yCIIyT, 3aHUMasi OCBOOOMBIIHMECS WM MPOCTO TMEPCIIEKTUBHBIE HUIIY B CIEIYIONINX HANPABICHUSIX:
3aKa3HOM pa3paboTke; TexHudeckod mnopnepxke; BHeapeHnn CRM u ERP-cucrem; obmaunbIx
yciyrax; TeCTUpOBaHUM; BeO-pa3paboTKe U mpodee.

CraOunbHOCTh JJaHHOTO cerMeHTa [T-pblHKa BhI3BaHA PHIHOYHOW KOHBIOHKTYPOU (MOBBIIIEHHBIM
cnpocoM Ha IT-ycayru); TpeHnoMm Ha ummnopro3amMereHre uHoctpannoro I10 (kak crieactBue, poct
CerMeHTa 3aKa3HOM ayTcopc pa3pabOTKH); rocylapCTBEHHOM MOJNEPKKOW (TpaHThl HA CUCTEMHYIO
uHTerpanuio, pazpaborky 110, aerots! s IT-kommnanuii).

4. CNnUCOK UCNONb30BaHHbIX UCTOYHUKOB

[1] TAdviser — Ilopran BeiOopa TexHOdOrui 1 nocrapmukos. URL: https://www.tadviser.ru

[2] CNews — MurepreT-u3zganue o Beicokux texHonoruax. URL: https://www.cnews.ru/

[3] A.C. Koznoea, B. A. beikoB, U.H. Sxmmunos, Pa3paborka mozpenu oueHKH 3PPEKTHBHOCTH
(PMHAHCOBO-XO3SMCTBEHHON MEATCIPHOCTH OpraHM3allMd Ha OCHOBE CIIEHAPHOIO IIOX0ja,
2022. URL: https://cyberleninka.ru/article/n/razrabotka-modeli-otsenki-effektivnosti-finansovo-
hozyaystvennoy-deyatelnosti-organizatsii-na-osnove-stsenarnogo-podhoda

[4] C.B. UepemymkuH, MeTogomorus pacuéra COBOKYITHOW AaKIIMOHEPHOW JOXOIHOCTH
OxoHomuueckuii ananmms, 2008. — URL: https://cyberleninka.ru/article/n/metodologiya-rascheta-
sovokupnoy-aktsionernoy-dohodnosti
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UAV Mathematical Modeling Using Differential Equations
Alexandr Vasichenko !

1 IDSTU 134, Lermontova, Irkutsk, 664033, Russia

Abstract

In connection with the growth of scientific and applied interest in the subject of the use of
unmanned aerial vehicles (UAVS) of a helicopter type, there is an increasing need to obtain
and use universal mathematical models that describe the movement of UAVs with varying
degrees of completeness of these descriptions. The purpose of this article is to briefly review
recent results in this area. First, the description of the UAV motion with the help of differential
equations is considered. We will focus on describing the motion of the UAV with the help of
systems of linearized equations, since the analytical synthesis of the control system is difficult
for nonlinear equations. After a brief review of the mathematical model of the UAV movement
using the Newton—Euler equations, generalized coordinates and the Lagrange method, the
problem of the effectiveness of the UAV flight properties is studied, for which various
mathematical models found in the literature are described. Then the problem of mathematical
modeling is investigated, that is, under what conditions it is possible to obtain a system close
to the real one by correctly developing control laws. Please note that the problem of correctly
describing the mathematical model was one of the most common problems when trying to
model the system in a virtual environment.

Keywords

Review of works, mathematical modeling, drones, differential equations.

1. Introduction

Due to the growing application of scientific and applied interest in the subject of multi-rotor
unmanned aerial vehicles (UAVSs), the requirement for the acceptance and assembly of universal
mathematical models that describe the movement of UAVs with most of the completeness of these
descriptions. When analyzing the movement of a UAV and its control, it is important to understand its
rules for the position and orientation of various coordinate systems. The choice of a coordinate system
depends on the problem being solved for studying dynamics. For example, with the help of sensors
(particularly GPS) it is possible to control the speed and speed of an aircraft relative to the Earth, so the
coordinate system associated with the Earth's surface preferably uses the registration of translational
motion. On the other hand, inertial sensors (for example, a gyroscope) are evaluated relative to the
fuselage of the UAV on which they are installed. accordingly, the equation of rotational motion is most
easily described by an associative coordinate system.

Over the past 20 years, works have been published dedicated to the dedication dedicated to the
modeling of quadropters. The paper discusses the issues of dynamics simulation, sliding mode control,
efficient control and various nonlinear control laws.

2. Simulation of Quadcopter Dynamics

Quadcopter modeling begins with a description of the mathematical model. The quadrocopter has 4
valve motors on board, located at an equal distance from the center and from each other. When
considering the issues of mathematical modeling of the movement of a quadrocopter, its calculation
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scheme and a description of differential equations based on general theorems of dynamics are given
[1]. The mathematical model of the aircraft has 6 degrees of freedom and is described respectively by
a system of six differential equations, they are also 2 coordinate systems: relative to the ground, relative
to the quadcopter. The equations of dynamics of a quadrocopter as a mechanical system are obtained
using Newton's laws and the Euler—Lagrange equations. Quadcopter motion is described by a system
of six non-linear differential equations [6]:

U
X = (siny - sing + cosy - cose) El
U
y = (—cosy - sing + siny - cosp) El

" Uy
7 =—g+ (cos@ - cosgo)a

{ gb:Iy—Iz.e..._& ) (1)
L L
Gl o s
Iy Iy
L L=, U,
= .'.9__
\ v=—1"9 1,

where X, y, z — the Cartesian coordinates of the quadrocopter; ¢, 6, v — the Euler angles (¢ — the yaw
angle; 6 — the pitch angle; v — the roll angle); Iy, I,, I, — diagonal elements of the quadcopter inertia
tensor; m — the mass of the quadcopter; g — free fall acceleration; U = (U,, U,, U, U,) — virtual control
forces associated with the motor control forces by equations.

Description of the mathematical model of UAV movement using Newton-Euler, considering the
cross-links presented in [3,7]. With the use of generalized coordinates and Lagrange methods, he forms
a mathematical model of the UAV movement in [6]. Linearized and simplified models of UAV motion
underlie the synthesis of controllers and filters: LQR controllers [8], Kalman filter [9], L1 optimization
[10]; sliding mode control [11, 12]. In most cases, after obtaining control systems synthesized using
simplified models, an increased assessment of the selection score is not maintained. When synthesizing
the UAV automatic motion control system using simplified models, it is necessary to use their
adequacy.
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UccnepoBaHue MHBAPUNAHTHOCTU ajaropmtmos MOUCKaA
Kno4YyeBbiX TOYEK

Enmsasera Bukynosa !

YUNICTY umenu B.M. Mampocosa CO PAH, yn. Jlepmonmosa, 134, a/a 292, Upxymck, 664033, Poccus

AHHOTauuA

B nanHO# paboTe paccMOTPEHBI aIrOpUTMbI TIOUCKA M OMMCAHUS KIFOUYEBBIX TOUYEK, TaKKe X
CpaBHECHHE MEXIy COOOM, MPOBEPsIIACh MHBAPUAHTHOCTH AJITOPUTMOB K C1a00 OCBEIICHHBIM
B JIUTEpAType MpeoOpa3oBaHMSIM, TAaKHUM Kak ['ayccoB IIyM, BBICBETJICHHE, Pa3MBITHE IO
layccy. B pesynpTaTe NpOBEICHHON CepUM JKCIEPUMEHTOB ObUT BBIABIEH Hamboiee
YCIIEIIHBINA 10 TOYHOCTH U CKOPOCTH PaOOTHI aNTOPUTM JUISI KaXKIOTO U3 LEIEBEIX OOBEKTOB.
PesynbraTel OyayT ucnoiib30BaHbI B paMkax komiuiekca TEMAR.

Kniouesble cnosa

KomnbroTepHoe 3peHue, KiroueBasi TOUKa, ”HBApUaHTHOCTh

1. BeBepgeHue

Tema KOMIBIOTEPHOTO 3pEHUS SIBISIETCA aKTYalbHOM, TAK KaK OHA UMEET MHOKECTBO IPUMEHEHHUH
B pa3lWYHbIX 00NACTIX, BKJIIOYAs MEIULHHY, aBTOMOOMJIBHYIO MPOMBILIIICHHOCTh, POOOTOTEXHHUKY,
0e30MacHOCTh U BUACOHAOMIOICHNE, UTPOBYIO HHAYCTPHUIO U MHOTO€E Jpyroe. KomnbelotepHoe 3peHue
MMO3BOJIAICT KOMIIBIOTCPAM aHAJIU3UPOBATH U UHTCPIIPETUPOBATDH 1/1306pa>1<eH1/I$[ n BHUACO, UTO MOXKET
MOMOYb YJIYYLIUTh KayecTBO KU3HHU JIIOJEH U MOBBICUTH 3(PQPEKTUBHOCTh PA3IMYHBIX IPOLECCOB.
Bnaronmapss mocTosIHHOMY pa3BUTHIO TEXHOJOTUH KOMIIBIOTEPHOTO 3PEHHs, 3Ta TeMa OCTaeTCs
aKTyaJILHOﬁ U Ba)KHOU AJI1 HAYYHBIX I/ICCJ'IGI[OBaHI/Iﬁ 1 IMMTPOMBIIIIJICHHOT'O ITPUMCHCHU .

Mertoapl, KOTOpbIE MAAIOT JYYIIYH0 CTaOWJIBHOCTH OOHApy>KE€HHsS W paclo3HaHUS OOBEKTOB
OCHOBBIBAIOTCSI HAa HAaxXOXICHWU U OIMCAaHUH OCOOBIX To4YeK. Oco0oW TOUYKOH W300paKeHUs
HA3bIBACTCSI TOYKA HA HM300paKEHHH, OKPECTHOCTh KOTOPOW OTJIMYAETCS OT OKPECTHOCTH IHO0OM
Opyrod TOYKH M300pakeHUs. Y KaxIOW TaKOH TOYKM €CTb MJECKPHUITOP, 3TO YHCIOBOE
npencrasieHue(onucanne) oco00i TOYKM Ha HM300paXEHUH, KOTOPOE IIO3BOJISIET €€ YHUKAJIBHO
UICHTU(DUIIMPOBATH M UCIIOJIB30BATh /IS IOUCKA COOTBETCTBUH B IPYrux u300paxeHusx. /s noucka
TaKUX 0COOCHHOCTEH pa3paboTaHO 0OJIBIIOE KOIUYECTBO METOJIOB, Y KOTOPBIX €CTh CBOU JOCTOMHCTBA
1 HeJocTaTKu. UTOOBI pe3ysbTaT ObUI XOPOLINM, Ba’KHA MHBAPHAHTHOCTH STHX METOJOB K Pa3IMYHBIM
BUJAaM IpeoOpa3oBaHU.

2. Uccnepayembie anroputmbl U YCAOBUA IKCMNEPUMEHTOB

JIns cpaBHEHUS UCTIOJIB30BAIIMCH CIIEIYIOIIME METOBI:

1. SIFT (Scale-Invariant Feature Transform) — Ha maHHBIE MOMEHT sBJseTCS Hambosee
HOMYJISIPHBIM ~ alITOPUTMOM ~ Oyiarozapsi TOMY, 4YTO HWMEeT psiI NPEHMYIIECTB, B YaCTHOCTH,
rapaHTHPOBAaHHYI0 WHBAPHAHTHOCTh K MAaCIITa0MPOBAHUIO W MOBOPOTY; OJHAKO, AITOPUTM
3amatenToBad [1];

2. ORB (Oriented FAST and Rotated BRIEF) — umeeT OTKpBITBIH HCXOIHBII KOJI, TAKXKE, KaK U
SIFT, obnamaeT MHBapUAHTHOCTBIO K MAcCIITa0y M MOBOPOTY; paboTaeT ObICTpee, YeM MHOTHE JIPYTHUe
AJITOPUTMBI, HE OTPAaHUYEH B UCIIOJIb30BAaHUH IS JIFOOBIX IPOEKTOB [2];

3. AKAZE (Accelerated-KAZE) — sBusieTcsi OTHOCHTEIBHO HOBBIM  METOJIOM, €O
3 (EeKTUBHOCTh U TMPHUMEHUMOCTh B Pa3IMYHBIX 33/1a4aX KOMIIBIOTEPHOTO 3pEHHUS IO CHX IOp He
MOJTHOCTHIO UCCIIeIOBaHHI [3];

5% International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2023), July 03-07,
2023, Irkutsk, Russia

EMAIL: vikulizavet85@gmail.com;

@ ® © 2023 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

ICCS-DE 2023 Workshop Proceedings

127



4. BRISK (Binary Robust Invariant Scalable Keypoints) — cunTaercs Hambojee MPOCTHIM M3
MePEYNCICHHBIX METO/IOB, 00J1a1aeT BBICOKOM CKOPOCTH pabOThI M HE BBICOKOW PECypPCOEMKOCThIO [4].

[IpuMeHeHne STHX METOAOB OBUIO YCIEIIHO MPOAEMOHCTPHPOBAHO B Pa3iIMYHBIX 00IaCTIX,
BKJTIOYAsi KOMITBIOTEPHOE 3peHHe, POOOTOTEXHUKY, OMOMETPHIO H MEAUIIMHCKYIO THarHOCTHKY.

AHanu3 TPOBOAWTCA HAa HECKOJIBKUX H300pPaKEHUAX, UCCIEAYIOTCS OOBEKTHI, OTHOCAIIMXCSA K
CIICAYIOIINM THUIIaM: apXUTEKTypa, KaK 0O BEKT, KOTOPBIH MMEET YeTKHE TPaHuLbl U (GOopMYy, UTO JenaeT
€ro WIeaTbHBIM JIJIsl aHAJIM3a ¥ CPABHEHUS aITOPUTMOB; 00BEKTHI OMOJIOTMYECKOH IPUPOIBI, TAKHE KaK
JKUBOTHBIE, OOJIAAaf0T MHOXECTBOM JeTalieli W TEeKCTyp, YTO IO3BOIISET MPOBEPHUTH CIOCOOHOCTH
ITOPUTMOB 00pabaThiBaTh W aHAJIM3MPOBATH CIOXKHBIE H300paKEHUs; OOBEKTHl TEXHOTECHHOM
MPUPOABI C MEHBLIEM KOJMYECTBOM JieTalel u MPOCTHIMU (POpPMaMHU.

B pamMkax qaHHOTO MCCIIeIOBaHUS MTPOBEPSIIACH MHBAPHAHTHOCTH aJTOPUTMOB K MaJIO OCBEIIEHHBIM
B JIMTEpaType mpeodpasoBanusM [5], KOTopbie Hanboee pacnpocTpaHensl B kommiekce TEMAR [6],
MOMOIIBIO B pa3padOoTKe KOTOPOTO S B HACTOAIIMNA MOMEHT 3aHUMAIOCh.

1. TayccoB mym — sBusieTcsl Hauboee PaclpoOCTpPaHEHHBIM THIIOM IIyMa B M300paXEHUSX H
MOJKET BO3HUKATh U3-32 PA3IHYHBIX (PAKTOPOB;

2. BricBeTneHue — MOXeT MMPOUCXOJUTH U3-3a HeraBHJILHOﬁ OKCIIO3UIIMN KaMEPbl WJIN APKOI0
HCTOYHHWKA CBETA B KaJpe;

3. Pasmerrue no ['ayccy — kpaiiHe pacrpocTpaHeH u3-3a 1e(EeKTOB ONTHUKH, CXKATHS U ABIDKECHUS
00BEKTOB B KaJIpe.

Jist 4MCTOTHI AKCIIEPUMEHTa TpeBapuTenbHas o0paboTka M300pakeHuil He Tpou3BoaMiIack. B
KauecTBE KpUTEpHUS OICHKH CPaBHEHHS WCIOJIB30BANIOCH PACCTOSHHE XEMMHHra MEXIY
JECKPHUIITOPAMH COBIABIINX TOYEK M 00Iee KOIMIECTBO HAICHHBIX Tap CBS3eH.

3. PesynbTtartbl

Jns mpoBepeHus] TECTOB ObUla HalMCaHa YHHUBEPCAIbHAs MPOTrpaMMa, KOTOpas 3allycKajaach
HECKOJIBKO pa3, pe3ylbTaThl YCpEeOHEHBl. MeTOoABI Jalu MPUMEPHO OJMHAKOBBIE PE3YIBTAaThl Ha BCEX
TUNax 0O0BeKTOB. YacTHBIN MpUMep M3MEHEHHs PAacCTOSHHA XEMMHWHra OT CHIIBI TpeoOpa3oBaHusl,
OTpakaroIuil HanboJiee YacToe MOBEACHUE AITOPUTMOB IPEACTaBIICH HA PUCYHKE 1.

500
400 T~
300 —
200
100
0
0 2 4 6 8 10 12
BRIGHTNESS SIFT BRIGHTNESS BRISK
BRIGHTNESS ORB BRIGHTNESS AKAZE

PucyHoKk 1: YacTHblii npumep pe3ynbTaTOB TeCcTUPOBaHUA (apXUTEKTYPHbIW O6DBEKT,
npeo6pasoBaHue — BbiCBET/IEHUE)

Y wmerona SIFT cample xopomiue moka3aTelld CpPeIHEH IUCTAHIIMA W OOJBIIOE KOJIMYECTBO
HaWJCHHBIX Tap, OImMOKa PacTeT JIMHEHHO C M3MEHEHHEM YPOBHS IMPEOOpa3OBaHUS H300PAKEHUS.
Hcxons n3 rpadukxoB, ORB uMeeT HAMMEHBIIYIO CKOPOCTH POCTa METPUKH OTHOCHTEIHLHO YPOBHS
HaKJIaJIbIBAEMOI0 IIpe0o0pa30BaHusl, HO IIPU 3TOM OH HaXOJUT OYSHb MAJIOe KOJUYECTBO Map TOUEK, 0
CpaBHEHHUIO ¢ ocTanbHbIMU anroputMamu. AKAZE He mMeeT Takoro OOJBIIOr0 KOJIWYECTBA Tap
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HaMJIEHHBIX OCOOBIX TOYEK, HO, HECMOTPS HAa BBICOKHE 3HAYCHUS B KPUTCPHSIX, HAWJICHHBIC CBS3H
MMEIOT OJIHYy M3 CaMbIX HHU3KUX BEPOSATHOCTEH ommOku BToporo poja. BRISK Haxomut Ooibloe
KOJIMYECTBO CBsI3€, HO 3HAUCHHE METPHKH BBIIIIE, YeM Y TPEABIIYIIHNX METO/IOB.

Ha ocHOBe MOJTyYeHHBIX pe3yIbTaTOB, HA JJAHHOM Ha0OpEe TECTOBBIX U300PaKEHUI, MOXKHO CJIENATh
BBIBOJ], YTO HAaWOOJBIINI TTOTCHIMAJ I WACHTU(GUKAINA 00BEKTOB B paMKax koMminiekca TEMAR
nmeeT Metot SIFT. OHako, CTOUT OTMETHTB, YTO B HEKOTOPBIX CITydasx y KaKJI0ro METOa 3HAYCHHE
METPUKH OCTAIBHBIX AITOPUTMOB CHJIBHO PAacTET 3a CYET JIOKHO-TIOJIOXKHUTENBHO BBIOPAHHBIX MMap
KITIOYEBBIX TOYEK, HECKOJBKO HMCKa)kas pe3ylbTarhl. [Ipupoja MPOUCXOXIEHUS JaHHOTO AacIeKTa
Tpedyet Oosee moapoOHOro n3yueHus. [loMuMo 3ToT0, BeaeTCs JOOaBICHUE HOBBIX M300paXKCHUN U
aHaJIN3 B3aMMOCBSI3H MEXK]y TUTIAMH OOBEKTOB M pe3yJIbTaTaMU PabOThI aJTOPUTMOB.
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CPABHEHME NONYNIALUUOHHbBIX AJITOPUTMOB
ONTUMMU3ALIUK, BOOXHOBEHHBIX }XMBOW NPUPOLOIA

Hanexna Jymxuna !

Y Unemumym ounamuxu cucmem u meopuu ynpasnenus Um. B.M. Mampocosa, CO PAH, yn. Jlepmonmosa, 134,
Axademeopoook m-n, Ceeponosckuti pation, Upxymcek, 664033, Poccus

AHHOTauuA

B nanHO# cTaThe MPOM3BOAMTCS CPaBHEHUE IMOMYJSIIMOHHBIX AITOPUTMOB IO TOYHOCTU U
CKOPOCTH HaXOXJIEHHUS pelleHHs. AJITOPUTMBI ObUIM BBIOPAHBI MO MPHHIMITY YCIOXKHECHUS
OMOJIOTUYECKAX  OPTraHW3MOB, IMOCHYXHBIINX BJOXHOBEHHEM [UIi HMX  CO3JAaHHSL.
Pearm3oBaHHble Ha s3bIKE Java, aJrOPUTMBI OBLUTH WCIBITAHBI HAa HECKOJBKUX KIIACCaX
TECTOBBIX (DYHKIIHH.

KnioueBble cnosa
Poesoii HUHTCIIJICKT, pOGBOﬁ AJITOPUTM, OITUMHU3ALIN, HOHynS[HHOHHLIﬁ AJITOPUTM

1. BeBepgeHue

Bo MHOrHX 06s1aCTSIX 11 OTY4EHUs! OJIM3KOTrO K ONTHUMAJIEHOMY PELICHHUS 32 BPEMsl, JOILyCTHMOE
11 QYHKIMOHUPOBAHMS CUCTEMBI, YCIEITHO IPUMEHSAIOTCS] CTOXaCTHYECKHUE IBPUCTUIECKUE METO/IBI
OINITUMH3AalIMU, TAKUC KaK AJITOPUTM HUMUTALIMU OTKHIA, SBOJTIOIIMOHHBIC U POCBLIC aJITOPUTMBI. Onu
OTHOCATCA K METOJaM JIOKAJIbHOI'O IMOMCKAa U OCHOBAHBI HAa UACAX, B3ATHIX U3 MPUPOIBLI. B HacCTOsAIIEC
BpeMsl OOJBIIMHCTBO HEHPOHHBIX CETEH M 3HAYMTENbHBIA OJIOK ONTHMHU3ALMK PabOTaeT MMEHHO Ha
poeBbix anroputMax. Tepmun «PoeBoit unTennexT Obl1 BBeaeH Ban L3unom u Xepapao bern B 1989
roxay, a yxe B 1995 rony /Ixefimc Kennenu u Paccen D6epxapT MpeayiosKuIIi METOA AJ1sl ONITUMH3ALUH
HENpEepHIBHBIX HeMUHEHHbIX QyHKIuA. Hayka He crouT Ha MecTe M ¢ TeX Mop ObUIO MPUIYMaHO U
peann30BaHO HECKOJIBKO COTEH POEBBIX allTOPUTMOB.

B nannol pabote OBUIO MPOU3BEACHO CPABHEHHE HEKOTOPBIX YaCTO BCTPEUAIONTUXCS 0a30BBIX
MOMYJISIIMOHHBIX alNropuTMoB. LlensiMu cpaBHEHHS SBISIOTCS: OLEHKA M CpPaBHEHHE CKOPOCTH
HaxXOXICHUS M TOYHOCTH pEIICHHA, a TakKe OOHapy)KeHHE 3aBHCHMOCTH pe3yJbTaTOB OT
o0ceryeMoro Tuma (GpyHKIIUH.

2. OLl,eHVIBaEMbIe aJIrOPUTMbI N yC10BUA CpaBHEHUA

Jlyis paccMOTpeHust ObUTM BBIOPAHBI CICAYIOIIME AIrOPUTMBI, B3ATHIC 10 MPUHIUITY YCIOKHECHHUS
OMOJIOTMYECKUX OPTraHU3MOB;
o  Auroput™m posi yactuiy (Particle Swarm Optimization, PSO). HaOmtonenue 3a nrunamu
BroxHoBwio Kpeiira PeliHonbaca Ha co3nanue B 1986 rogy KOMIBIOTEpHON MOJIEIH, KOTOPYIO OH
HazBan Boids. OH ucoas30Baj TpH MPOCTHIX MTPHUHITKIIA, TIe KaKaast ITHIIA CTPEMHUIIACH N30eKaTh
CTOJIKHOBCHHMH C IPYTMMHU INTHUI[AMHM, JBUTAJaCh B TOM JK€ HANpPAaBJICHHM, YTO M HAXOJAIIAECS
HEMOJIANIEKY MTHUIbI, U BCE NTHIIBI CTPEMWIKNCH JIBUTAThCSl HA OJIMHAKOBOM PACCTOSHUU APYT OT
apyra. B 1995 rogy Dxeiimc Kenneam m Paccen D0OepxapT NpeanioXHINM METOJ, Ha3BaHHBIHU
aJITOPUTMOM POs YaCTHIl. B1oXxHOBEeHHEM HOCTYX11a MOIejIb PeiiHOIbICca. ANTOPUTM MOJIEITHPYET
MHOTOareHTHYI0 CHCTEMY, TJI€ areHThI-YaCTUIbl JIBUTAIOTCS K ONTHMAIBHBIM PEIICHHSM,
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0OMEHHMBAsICh TIPU 3TOM HH(popMaruei ¢ cocenssMu. JIaHHBIN anropuT™ ObUT BEIOPaH IMOTOMY, YTO
SIBIISIETCS. OJHUM M3 TICPBBIX POEBBIX aJrOPUTMOB, CIIY>KUT CBOCOOpasHOH OCHOBOW APYTHX
MOMYJISIIUOHHBIX aJITOPUTMOB.

e  Anroput™m HcKyccTBeHHOW MMMyHHO# cucteMsl (Artificial Immune Systems, AIS). Ilepssie
monbITKA paspadotku AlS otHocsaTes Kk 70-m rr. XX Bexka. OmHAKo NPeaCTaBIISIOIINE
MIPAKTHYECKANA HMHTEpPEC pPe3yibTaThl OBLIM IMOMydeHBl TONbKO B 1990-x rr. buonormueckum
nporotunioMm AlS sBlisseTcss UMMyHHash CHUCTeMa 4eloBeKa M 00paboTka mH(OpManuu B HEl
MoJIeKyTaMi OenkoB (TMEeNTHAOB). JTa CHUCTeMa NpEACTaBIseT COOOW CIIOKHYIO aIalTHBHYIO
CTPYKTYPY, HWCIIOJNB3YION[YI0 KOMOWHAIIMIO Ppa3IUYHBIX MEXaHHU3MOB 3allUTHl OT BHENIHHUX
MaTOreHOB - JIIOOBIX MHUKPOOPTaHU3MOB (BKIIIOYAs BUPYCHl W OaKTepuH), CIIOCOOHBIX BBHI3BIBATH
MaTOJIOTHYECKOe COcTosHUE (00Me3Hp) uenoBeka. MHOTHE BHEITHHE YEePThI COMMKAIOT IMMYHHYIO
CeTh C HEHpOHHBIMH ceTsMH. [lo0OHO HEHPOHHBIM CETAM, WMMYHHBIE CETH OO0JagaroT
CHOCOOHOCTBIO K 00YYEHHUIO, MTPOTHO3UPOBAHHUIO U NPUHSTHIO PEILICHUH B HE3HAKOMOM CHTYaIlUH.
Kak u HelipoHHBIE CEeTH, UMMYHHBIE CETH HE HYXAAIOTCS B 3apaHee W3BECTHOM MOAETH 3a/Ja4H, a
CTPOSIT ATy MOJENs Ha OCHOBE NONMy4deHHOH nHpopMarun. MHTepec K alropuTMy HCKYCCTBEHHOM
MMMYHHOM CHCTEMBI BBI3BaH IO IMPHYMHE €r0 MIMPOKOTO HWCIONB30BAHUS IS MOCTPOCHUS
MHOTOAreHTHBIX 1 CAMOOPTaHU3YIOIINXCS CUCTEM.

e AnroputMm copasikoBoit ontummsaiuu (Invasive Weed Optimization, IWO). BroxHosnen
TaKUM OOIIEePacTPOCTPAHEHHBIM SIBJICHHEM, KaK KOJIOHHM3AIWS CEbCKOXO3AWCTBEHHBIX YTOMHUN
copHsikaMu. Anroput™ npeanokeH B 2006 r. upaHckumu ydyeHbIMH MexpabuaHoM u Jlykacom u
OCHOBaH Ha MOJICTUPOBAHNH TAKUX CBOWCTB, KaK MOCEB, POCT U KOHKYPEHIHS B KOJIOHUHU COPHSIKA.
OCHOBHBIM MEXaHH3MOM, OIPEICISIONIMM AMHAMUKY COOOIIECTBA JIOOBIX PACTCHUH, SIBISETCS
€CTECTBEHHBI OTOOp, M3 KOTOPOTO BBIACISIOT JBa KpaWHUX THIIA B OCHOBE KOTOPBIX JIEXKAT
peanbHbIe cTpaTernn oToopa: r-oroop (KUBU OBICTPO, pa3MHOXKANCS OBICTPO, YMHPA MOJOIBIM) H
k-oT60Op (>KMBHM MEIJICHHO, PAa3MHOKAICS MEVICHHO, YMHUpPaii B CTAPOCTH ). ITOT AJITOPUTM SIBIISICTCS
OJTHUM W3 M3BECTHBIX MPECTABUTEICH MOMYISIIIMOHHBIX aJTOPUTMOB.

o  Anropurm muenunoi komonuu (Artificial Bee Colony, ABC). B 2005 r. Jlepsuc Kapabora
OIyONTMKOBAJI HAYYHYIO CTATHIO M OMHCAT B HEW MOJENh pPOEBOTO0 WHTEIUIEKTa, Ha CO3/IaHue
KOTOPO# €ro BIOXHOBWJIM MYENMHBIE TaHIBI. MOJeNb MOoNydnia Ha3BaHUE «AJITOPUTM MMYESITHHOM
KOJIOHHW». AJITOPUTM OCHOBAaH Ha HMUTAIUM TOBEJICHHUS KOJOHHH MEJOHOCHBIX IT4Yel IPU
cOope HekTapa B mipupojie. OCHOBHOH IIeNbi0 pabOTHl MUYENHHON KOJIOHWW B TPHUPOE SBISETCS
pa3Bejika MPOCTPAHCTBA BOKPYT YIIbs C IIETIbIO TIOMCKA HEKTapa C MOCIeAyoIuUM ero coopom. s
3TOTO B COCTaBE KOJIOHWHU CYIIECTBYIOT Pas3iMYHbIC THIBI ITYeN: MYeTbl-pa3BeuUKd U padboune
myensl-hypaxkupbl. Pa3Beunku BeAyT HWCCIENOBAaHWE OKPYXKAIOMIETO yIed MpOCTpaHCTBA W
CO00MmAaT WH(POPMAIIHIO O MEPCIIEKTUBHBIX MECTaX, B KOTOPHIX OBIIIO OOHAPYKEHO HAHWOOJbIIEe
KOJIMYEeCTBO HeKTapa (sl oOMeHa WH(pOpManueil B yibe CYIIECTBYET CHEIUAIbLHBIA MEXaHU3M,
MMEHYeMBIi TaHIleM maesbl). [IpeacrapneHHbIi anropuT™ BEIOpaH OTOMY, UTO SBISETCS OJJHUM U3
IIMPOKO U3BECTHBIX POEBBIX aJTOPUTMOB.

e Auropurm kykymiku (Cuckoo Search, CS) npemioxen u paspaboran Slurom u Jlebom B 2009
r. DBnoxHoBeHmemM s ero  co3JaHHMA ~ TOCTYXKWJI — THE3I0BOH Mapa3sHTH3M HEKOTOPBIX
BUJIOB KYKYIIIEK, YTO TOJKJIABIBAIOT CBOM SIHIA B THE3a APYTHX NTUI (APYTHX BHJOB MTHII).
Hekortopsie u3 BnajenblleB THE3J MOTYT BCTYNHTh B TPSIMONH KOHQUIMKT C KYKYIIKaMH, YTO
BpBIBAIOTCS K HUM. Hampumep, eciu Biajener rHe3na oOHApYyKHUT, YTO Sidlla HE €ro, TO OH HJIH
BBIOPOCHT OTH UyKHUE SIHIIA, MIIH IPOCTO MOKMHET THE3/I0 M CO3JIaCT HOBOE IJIe-TO B JIPYTOM MECTE.
AJTrOpUTM KYKYILIKH CTPEMHUTEIBHO HAOMPAET MOMYJISIPHOCTE B HACTOSIIEE BPEMSs, ObLT pacCMOTPEH
JUISL JTy4IIEro IIOHUMAaHHS €ro padoTHI.

B nanHoOIi paboTe 3TH aNropuTMBI OBUTH peaTi30BaHbl HA s3bIKE JAVA M UCTIBITAHBI HA MIHPOKOM

CIICKTPC KIACCHYCCKU HCIHOJIb3YyCMbIX TCCTOBBIX q)yHKL[Hﬁ, BKJIIOYAKOINHUX CJICAYIOMIHUEC KJIACCHI:
HEBBIITYKJIBIC, MHOT'OOKCTPEMAJIbHBIC, a4 TAKIKC (1)YHKL[I/II/I HECKOJIbKUX NEPEMCHHBIX U C pa3J'IPI‘IHOI7[
00/1aCTBIO J0IYyCTUMBIX 3HAYCHUH. ,ZI.HSI YUCTOThI 3KCIICPUMEHTA BCEC TCCTUPOBAHUA IMPUBCACHHBIX
BBIIIC aJITOPUTMOB ITPOBOJUIIMCH C YYHETOM 3a(1)I/IKCI/IpOBaHHOFO KOJIM4EeCTBa HOHynﬂHHﬁ, BBIJICJIICHHOI'O
Ha IpOBCACHUC BBI"II/ICJ'IGHI/IIZ, a TaK)XK€ KOJIMYCCTBA arCHTOB B Ka)K,I[Oﬁ MOMmyJIALU.

I[anee npeacTaBjiCHa 4aCTb UCCICAYCMbBIX (bYHKHHﬁ. Bo Bcex 3aIryCKax ObLIH 3apaHeC N3BCCTHLI

KOOPJMHATHI SKCTPEMyMa U €ro a0COIOTHOE 3HAUECHNE, a TAK)KE OTpaHUYeHHsI 00cIeyeMoit 001acTH.
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Hccnenyembie pyHKINU:

n

Fi(x) = lez D
i=1
n
F,(x) = Z[xl? — 10 cos(2mx;) + 10] (2
i=1 "
F3(x) = 4x% — 2.1x} + §x16 + x1x, — 4x2 + 4x5 3)
n n
A0 =g, < =] [eos () +1 @
4x—4000' X; | cos\/7
i=1 i=1
51 , 5 2 1
F5(x)=(x2—mx1 +Ex1—6> +10(1—§)c05x1+10 (5)

YcpenHeHHbIe pe3yIbTaThl IPOBEICHHBIX SKCIIEPUMEHTOB MPEACTABIICHBI B Ta0mHax 1-2.
Tabnuua 1
CpegHee 3HavyeHue

F1 F2 F3 FA F5
AlS 0,0024 14,0166 -1,0316 0,2164 0,3979
Bees 0,0000 0,0000 -0,3093 0,9667 0,3979
Cuckoo 0,3160 0,6327 0,2396 0,5886 0,4954
InvasiveWeed 0,0000 0,0000 -0,3693 0,0000 1,2961
PSO 0,0827 29,3280 -0,9497 0,0493 0,4195
IKcTpeMym 0,0000 0,0000 -1,0316 0,0000 0,398
Tabnuua 2
CpeanHee Bpema
F1 F2 F3 F4 F5
AlS 464,1 522 440,2 3040 422,2
Bees 75,2 90,1 92,2 88,6 70,6
Cuckoo 26,5 20,6 20,3 20,9 20,1
InvasiveWeed 195,8 204,9 331,3 212 399
PSO 13,6 69,6 35,4 59,8 17

[epBhIii Ki1acc TeCTHPyeMBIX (QYHKIUA — YHUMOJalbHBIE. Bce anropuTMbl, 3a UCKIIOYCHHUEM
ITOPUTMa KYKYILIKH, CHPAaBHJIMCH XOPOLIO, IPEBOCXOAHO ce0sl MOKa3ald COPHIKOBBIM aJrOpUTM U
JITOPUTM IMYETUHON KOJIOHHH.

Crnenytommii Kjacc - MHOTOMEpPHBIE MyJIbTUMOJaNbHbIe. OTIMYHO CIPABHICS COPHSIKOBBIN
anroput™. UyTe XyXe alropuTM IOMCKa KYKYIIKH. AJNTOPUTMBI PO YacTHIl U HCKYCCTBEHHOHN
WMMYHHOH CHCTEMBl HE MpPOLLIM HCIBITAaHHE Ha IMEpBOM (YHKLIMH, HO XOPOILO CIPAaBHIHNCH C
WCIIBITAHUEM Ha BTOPOH PYHKIINH, C IPYTOW CTOPOHBI, ¥ aJITOPUTMA IMYEITMHON KOJIOHUH HabIogaeTcs
TIOJTHOCTHIO OOPATHEII pe3yibTarT.

W mnocnegHuii paccMOTpEeHHBIH KiacCc (QYHKUMH - MyJIbTUMOAAJbHbIE € (PUKCHPOBaHHON
pasMepHOCThIO. C 3TUM HCTBITAHWEM CHPABWICS AITOPUTM HCKYCCTBEHHOHM MMMYHHOH CHCTEMBI
COpHSAKOBBII aITOPUTM, XOPOIIIO MTOKA3aBIINI ce€0sl B POIIJIBIX UCIIBITAHUSX, C TUM THIIOM (pyHKITHI
CHpaBWIICS HECKOJNBKO Xyke. HeoaHosHauHO cebs mMoKasaq alropuT™M pPOsl YacTHL, XOPOILO
CIPaBHUBILKUCH C TIEPBOH (PYHKIMEH, HO TTOKa3aB CPEIHUN Pe3yNbTaT AJsl BTOPOH (QYHKLUH.

3. 3aKknwueHue
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B pamkax MpOBEICHHOIO HCCJICAOBAHMS OBLIM BBIIBJICHBI JHACPHI MO KaXKIOW 3asBICHHOU
KaTeTOPUHU: JIyULIUM IO TOYHOCTHU CTaJl COPHIKOBBIM aITOPUTM, a BOT JIYUILIUX 10 BPEMEHHU 0Ka3alloCh
JIBOE, & UMEHHO aJITOPUTMBI TIOUCKA KYKYIIKH M pOst yacTHIl. VICX0/s1 U3 3THX JaHHBIX OBUIH CJICIIaHBI
BBIBOJIBI, UTO IOTIOJTHUTEIBHBIX HCCIICOBAHUN B KOHTEKCTE NMPUMEHUMOCTH IS PEIICHHS 3aTaqd
CIIMBKH M300paXeHH TPEOYIOT alTOPUTM ITOUCKA KYKYIIIKH H COPHSKOBBIA aITOPUTM.

[lomyueHnHble naHHBIE OYAyT HMCIOJNB30BATHCSA JUIS TOCICAYIONMIETO DPEIICHHS 3aladdl CIIUBKU
M300paKeHMA, a TakkKe WPOBEICHUA WX MJAIBHEHUINETO WCCICIOBAHUSA M MOAWU(PUKANNH TIPH
BO3HUKHOBEHHH HEOOXOIUMOCTH.
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MeToauKa npoaBu»KeHus caiTa

1 1

Muxann XKnganoB *, Onbsra bamapuna

I Vpanocruii 2ocyoapemeennoiii sxonomudeckuii yuueepcumemy, 8 mapma 62, Examepunoype, 620144, Poccus

AHHOTauuA

B crathe mpencraBieHa pa3dpaboTaHHass METOJIWKA MPOJBIIKEHUS caliTa, B OCHOBE KOTOPOU
3ai0)KeHa MozeNlb MapkeTUHTOBbIX cTpateruit SOSTAC. Meronrka BKIItoYaeT B ceOs LIecTh
JTAllOB: aHAM3 TEKYIIEr0 COCTOSIHMS caiiTa, ONpeleNieHHe e, CTpaTeTHYecKuil u
TAaKTHUECKHUE IUIAHBI IS KaXXIOTO MHCTPYMEHTAa MPOABIKCHUS; OTIPeeIICHHE IEHCTBUH 110
UX pealn3aluu;, KOHTPOJIb U M3MepeHue d(GEKTUBHOCTH UCIONHEHHS ASUCTBUI. [ 1aBHBIM
MPEUMYILECTBOM  MPEICTABIEHHOW METOIAMKH SBIIAETCS KOMIUIEKCHOE IpPHUMEHEHHE
Pa3NUYHBIX WHCTPYMEHTOB IUIS IIPOJBIDKEHUS caiiTa. AnpoOarys METOIUKH IIPOBEACHA IS
caiiTa MHTEpHeT-Mara3uHa TEXHUKU. B pe3ynbTare 4ero cocTaBjeH IJIaH MEPONPHUSITHHA 1O
MIPOJBMKEHUIO IaHHOTO caiiTa, MpoBeIeHbl HEOOXOAUMBIE OLIEHKU U PacyUeThl.

KnioueBble cnoBa
[IponBmxenue caiita, ananu3 caiita, mogens SOSTAC, SMM, SEO.

1. BeBepgeHue

B Hamme Bpemsi HHTEpHET CTall HEOThEMJIEMON JacThi0 OM3HECAa M SKOHOMHKH B IEJIOM. Y POBEHb
KOHKYPEHIIMM W KOJHYECTBO BEO-PECYpPCOB pacTeT C KaKIbIM JHEM, W y KOMITAaHWH BCe dYalle
MOSIBJIICTCSA HEOOXOAMMOCTh 3aHUMAThCS TPOJBMIKEHHUEM COOCTBEHHOIO CaiTa, YTO MO3BOJIMIO OBl
BBIETTUTHCS CPEIM KOHKYPEHTOB, MIPHUBIIEYH K ceOe OOINBIIOe YICIIO HOBBIX TOTPeOUTENeH, TOBBICUTD
YPOBEHB JIOSUTBHOCTH KITUEHTOB M CHU3UTH 3aTPAThl HA HHTEPHET—PEKIIaMy.

KomMmannu ucronb3yroT pa3IndaHbIe METOBI IPOABUKECHUS CaliTa, OCHOBLIBASICH HA CBOUX IEJSX,
3ajlayax W MOTPEOHOCTSX, YTO JIejaeT 3aJady MPOIBIMIKECHUS caliTa B CETHM MHTEPHET JOCTAaTOYHO
CJIOKHOM W aKTyaJlbHOM AJi1 MHOTMX KoMmmaHuil. [IpoaBrkeHHe cailTa — 3TO KOMIUIEKC MEPOIPUSTUMH,
HaIpaBJICHHBIA HA YJIy4IICHUWE TMO3UIMH caliTa B IMOMCKOBBIX CHUCTEMax M MPHUBJICUCHHUE OOJIBbIIErO
KOJIMYECTBA IEIEeBBIX moceTuTenel [1]. B 3TOT KoMIieke BXOAAT MHOXKECTBO METOJIOB, HAIIPUMED,
MTOMCKOBAsh ONTHUMU3AIIH, MPOJBIKEHNE C TOMOIIBI0 COIUAIBHBIX CETEeH, peKiaMa B MOMCKOBBIX
CUCTEMaXx, KOHTEHT-MapKETHUHT U APYyTHE.

2. MetoguKa npoasuKeHusa caidta no mogenm SOSTAC

Jlyis kauecTBEHHOTO ¥ 3()(PEKTUBHOTO IIPOIBIKEHUS CaliTa B CETH HHTEPHET MOKHO HCIIOJIb30BaTh
MHOKECTBO PAa3IMYHBIX WHCTPYMEHTOB H METOJOB, KaXKIBIH H3 KOTOPHIX 3(QexTuBeH s
JOCTHKEHHS PA3IMYHBIX Teseld U 3a1ad. B ganHo# paboTe mpemiokena ajfanTupoBaHHas METOIUKA
MIPOJBM)KEHHUS caiiTa, OCHOBaHHAas Ha MOJeNu MapKeTHHToBbIX ctpaTteruiit SOSTAC.

Mogens SOSTAC B 1990-x romax paspabortan OputaHckuii sxcrept KoposieBckoro mHCTUTYTa
mapketuara Ilon Cmut. Ilo Bepcum Chartered Institute of Marketing monens Bxomut B Tom-3
MUPOBBIX On3Hec-moneneli [2]. OHa ocHOoBaHa Ha 6 00sI3aTebHBIX KOMITOHEHTaX: Situation analysis
(ananmu3 tekyiien curyanuu); Objectives ( 1iesib, K KOTOPOH HY)KHO NMPHIATH); Strategy (cTparterus,
KaKk JocThyb menu); Tactics (TakTHKa, YTO WCIIOJNB30BaTh IS JIOCTHXKEHHA Iienn); Action

5" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2023), July 03-07,
2023, Irkutsk, Russia
EMAIL: lipeckprotivl9@gmail.com (A. 1); basharinaolga@mail.com (A. 2)
ORCID: 0000-0002-7151-782X (A. 2)
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(KoHKpeTHBIC MelcTBU, 3a1a9u U cpoku); Control ( KOHTPOJIB, KaK MOHSTH, YTO IEJIb IOCTUTHYTA, 110
KaKUM ITOKa3aTesiM).

Llenpto maHHOW pabOTHI OBLIO CO3JIaHUE KOMIUICKCHON M YHUBEPCAILHOU (HACKOJIBKO BO3MOXKHO)
METOJIMKH TPOJBIDKCHUS CaiiTa 3a CUET HCIOJIb30BaHMs HECKOIBLKUX HMHCTPYMEHTOB MPOJBUKCHUS,
KOTOpBIE CIIOCOOHBI Hanbojee A(PQPEKTUBHO TOBIUATh HA yBeNWYeHHE Tpaduka caiiTa, HMOBBICHTH
y3HaBaeMOCTh OpEHJIa U JIOSUIIbHOCTh KJIMCHTOB, BBIBECTH CAWT B TOIl Y IMOUCKOBBIX CHUCTEM, H T.II.
Taknmu mHCTpyMeHTamu ObuH ompenenensl: SMM (Social Media Marketing), SEO (Search Engine
Optimization) 1 KOHTEKCTHAs peKIama.

Pa3zpaGoranHast MeTOAMKA SABJISCTCS YHUBEPCATBHON U MOAXOIUT ISl PEIICHUST MHOXKECTBA Ieen
B c(hepe MPOIBMKCHUS CATOB B CETH UHTEPHET (PUCYHOK 1).

AHanus Texyweh cutyawmum

Ananus Ananus

" Ananus

LieneBoit COCTOSIHMA
KOHKYpeHTOB o

ayouToOpMK caiita

A 4

OnpefeneHue KOHEYHON Lienu

¥
BbiSop cTpaTervu

Jna KoHTeKCTHOR

Ona SEO Ana SMM pexnami

Y
(hOPMUPOBAHKE TAKTUKU

JnA KoHTEKCTHOM

Ona SEO Ana SMM peknaMbI

A
OnpegeneHue LedcTBUR

Bloaer Ha

CDOKV\ NPeABUHEHWUA OTBeTCTBEHHbIE NKUa
peanu3auvg

Y
KoHTponb

KoHTponb BbINonHeHus nnada W3meperue addpexTuBHOCTH

PUCYHOK 1: MeToaMKa NpoaBUKEHMSA CaiiTa B CETU MHTEPHET

Ampobarisi METOIMKKA ObLTa MPOBEJCHA ISl PEaIbHOW KOMITAHUM, 3aHMMAIOIICHCS Tpojaken
TEXHUKU M OKa3aHHEM COMYTCTBYIOIIUX YCIYT Kak B TPAUIMOHHOM, TaK M AJIEKTPOHHOM (hopmare.
Jlanee KpaTKo NpEeACTaBHM OCHOBHBIE pEe3yJbTaThl. AHAU3 IEJIEBOM aylAWTOPUHU IOKa3all, YTO
OCHOBHOW ayAuTOpuel SBISAIOTCS MYK4HHBI (63,6%) u xenmunsl (36,4%) B Bo3pacte or 18 1o
65 ner.

AHanM3 COCTOSIHHMS caliTa, MPOW3BEACHHBIN C MOMOIIBI0 MHCTpyMeHTa «Parsesite» [3] BBIABHI
HECKOJIBKO MPOOJIEMHBIX MECT: OOJBIIOE KOJMYECTBO CUMBOJIOB B 3arojioBke (103 cumBomna); HU3Kas
CKOpOCTh 3arpy3Ku TiaBHOW crpaHuipl caiita (2.08 c); orcyrcrBue alt-aTpuOyTOB y HEKOTOPBIX
n300paxkeHuit; omuoOku html-koa, HaTMYKME KITFOYEBBIX CIIOB ¢ HU3KUM TPa(QUKOM H JIp.

B kauectBe pexomennanmu ctpaterueid ;s SEO Oblio BEIOpaHO JIOKaJbHOE MPOABHKEHHE, TaK
KaK OCHOBHOM TIOTOK KITMEHTOB HaXOJIUTCs Ha Tepputopuu CBeputoBckoi n YensiOuHckol obnactei.
Crocob6oM TIPOABMKEHUS ¢ TTOMOIIBI0 cormanbHON ceTn «BKoHTakTe» BhIOpaHa TapreTHpOBaHHAS
pekinamMa, crnocoOHasi MakCUMalbHO TOYHO ONPEAEIHThH LIENEBYIO ayIAUTOPHIO, M KaK CIEICTBHE,
COKpAaTUTh 3aTpaTbl Ha PEeKJIaMy W YBEJIWYUTHh KOHBEpPCHIO. J[s1 KOHTEKCTHOH pekiiaMbl BhIOpaHa
CTpaTerus KOHKypEHTHBIE MPENMYIIECTBA B TEKCTE OOBSBICHMS.

Pacuer Oromkera Ha MNPOABMXEHHE HCCIEOYEMOro caidTa JOOCTaTOYHO 3aTpygHuTeneH. [lo
pe3yJpTaTaM aHajau3a TEKYIIEro COCTOsHUS caiiTa B pbiHKa Tpyaa SEO- 1 SMM-cnienmanucTos, a Tak
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K€ PYKOBOZCTBYSICH DKCIIEPTHON OIICHKOW IUIAaHUPYEMBIX padoT, Oblia ompezeseHa cymma 870 ThIC.
pyO. Ha mepuon 6 MecsLEeB.

Ha mpotskeHnn Bcero meproja HEOOXOAMMO IPOBOJUTH KOHTPOJIb BBITIOJHEHHS MEPOTPUSITHIA,
aHaNM3 TOJNyYCHHBIX pe3yJbTaTOB W, B CIy4ae HEOOXOJMMOCTH, KOPPEKTHPOBATH CTPATETHIO,
nepepacnpeaessiTh PeCypChbl, U3MEHSTh IPUOPHUTETHI.

Ha ocHoBe auarpaMMbl MPOTHO3MPYEMOM NTWHAMHUKU BXOZSIIETO Tpaduka (PUCYHOK 2) MOMXKHO
ckazatb, uTo SEO-ponBmKeHHe CIOCOOHO 3HAYHUTENHHO YBEIWYHUTH TPapUK IMOCETHTENECH Ha CalT
yxe gepe3 3-4 mecsma. Janubid rpaduk ObLT TOCTPOSH C TIOMOINBIO OHJANH KanbKyisitopa SEO [4],
OCHOBBIBASICh Ha JIBIHHBIX O BO3pacTe caliTa, OpraHndeckoMy TpauKy 3a MECSAI] U ero TEMaTHKE.

@ C paGoTauu no SEC @ Ges paSor no SEQ

300000
250000
200000
150000

100000

L g p&'_’.'\_d LA g H_-,'c,-;iﬁ“ wl.,;uwu q.'-.\m?"?h & g™ wha ;ﬂ'éﬂnw walt

1:,13“1' o

PucyHoK 2: MNporHo3 gMHaMmnKM NOUCKOBOTO TPadmKa canTa

3. 3aKknwueHue

B pamkax mpencTaBiIeHHOH HCCIIEOBATENbCKOH pabOThl OBUIM W3YyYCHBI OCHOBHBIC METOJBI
MPOABIKEHUSI CaiiTa W WX NPUHUUNBI padoTsl. llpeanoxkeHHass MeTonuKa MNpPOJABMIKEHHUS caiira,
MO3BOJISIET OLEHWUTh TEKYyILIee COCTOSHHE caiiTa, y4ecTb CTpaTeTHUecKHe IeNId KOMIaHHWH,
CIUIAHMPOBaTh TAKTUYECKUE INAard JUIS WX pealu3alldy, TpeOyeMble pecypchl U HHCTPYMEHTHI H
MIPOBECTU aHAIN3 U OLEHKY 3()(HEeKTUBHOCTH MPOBEIECHHBIX MEPOIIPUATHH.

IIpoBenena mpakTtuueckass pabora 1O aHanM3y calTa UWHTEPHET-MarasuHa TEXHUKUA C
WCIIOJIb30BAaHUEM Pa3IMUHBIX CepBUCOB. Ha ocHOBE pe3ysbTaToB aHAJIN3a U COTIIACHO MPEATIOKEHHON
B paboTre MeToanKe pa3paboTaH IUIaH MPOJBIKEHHS dTOTO CaiTa, MPOU3BEICHBI PaCYeThl TPEOYEMBIX
TPYZIOBBIX U (PMHAHCOBBIX PECYPCOB.

4. CNnUCOK UCNONb30BaHHbIX UCTOYHUKOB

[1] Kypoukun M.E. Kanansl u HHCTpYMEHTHI MIPOABIDKEHUSI B MHTEPHETE B KOHTEKCTE KOHLEIIHH
MapKeTUHTOBBIX KOMMyHHKanui // WuHoBammu u wmeBecTHimu. — 2020. — Ne9. — URL:
https://cyberleninka.ru/article/n/kanaly-i-instrumenty-prodvizheniya-v-internete-v-kontekste-
kontseptsii-marketingovyh-kommunikatsiy (mara oopamienus: 26.05.2023).

[2] 100% »sddextuBHoe mnpoasmwkenue caiita mo wmoxean SOSTAC // 1ps: caiit. — URL:
https://1ps.ru/blog/dirs/2017/100-effektivnoe-prodvizhenie-sajta-po-modeli-sostac/ (mata
obpamtenus: 16.05.2023).

[3] Parsesite — ananu3s caiita ornaiin. — URL: https://parsesite.ru/ (nata oopamienus: 26.05.2023).

[4] Sunexc.Wordstat. — URL: https://wordstat.yandex.ru/ (nara oopamienns: 26.05.2023).
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Heupoceteso nogxoa B npobneme pacno3HaBaHUA
TeXHOreHHbIX LWYyMOB

Oxcana Komsurosa !

Y Hucmumym  sviuuciumenvuoti mamemamuxu u mamemamuveckoti 2eogusuxu CO PAH, np. axaxo.
Jlaspenmvesa, 6, 630090, Hosocubupck, Poccus

AHHOTauuA

[IpobaeMa reodIK0IIOTHIECKOr0 MOHUTOPHUHTA OKPYKAIOIINX TEXHOTCHHBIX IITYMOB B CBSI3U C
WX BO3PACTAIOUIMM BO3JCUCTBHEM Ha COLMAJIBLHYIO Cpely MproOpeTaeT Bce 0oJiee BHICOKYIO
aKTyasbHOCTh. OTHON M3 BaYKHBIX COCTABJIIOIINX 3TOH MPOOIEMBI SBISECTCS PACIIO3HABAHHUE
HCTOYHHMKOB TPAHCIIOPTHBIX IIYMOB B YCIIOBHUSIX pealibHOH (HDOHOBOM 00CTaHOBKH. llenbro
paboThl sBiAETCS pa3paboTKa METOJOB W aJTOPUTMOB PACIO3HABAHHS JBMXKYLIUXCS
TPAHCIIOPTHBIX CPEICTB, MPEIHA3HAYEHHBIX MJIS MCIIOJB30BAaHUS B MHTEJJIEKTYalIbHbIX
cucteMax OOHApYKEHHS W paclo3HaBaHUsI. B KadecTBe HCTOYHHKOB paccCMaTpPHBAIOTCS
pa3iIuuHBIe BHJIBI OJKEJIE3HOJOPOKHOTO, TKEIOTO KOJIECHOTO, TYCEHHMYHOI'O BHJIOB
TpaHcnopra. Pelnienue 3a1a4u OCHOBaHO HA MCIIOJIb30BaHUM CBEPTOYHOM HEMPOHHOW CETHU C
MpeBapUTEIbHON 00pabOTKOW JaHHBIX B CHEKTpaIbHOH oOnacTH. PaccmarpuBaroTcs
BOIPOCHI paclO3HaBaHUSI HCTOYHUKOB TPAHCIIOPTHBIX KoJIeOaHUH Ha (POHE M3MEHSIOIIETOCs
YPOBHS BHEITHUX HIYMOB M MPOCTPAHCTBEHHOTO MOJIOKEHUS TPAHCIOPTa MO OTHOIICHHUIO K
MyHKTaM perucTpauu  KomeOanwit. IlpuBomsTcss pe3ynbraTel  paboOTHl  auropHTMa
pacro3HaBaHus Ha JaHHBIX MOJEBBIX IKCIIEPUMEHTOB.

KnioueBble cnosa
TpaHcropTHBIE BHOpANUy, celicMIUEcKre KoJeOaHus, TEXHOTEHHBIE IIIyMbI, paclio3HaBaHHe
TPaHCHOPTHBIX CPEJCTB, CBEPTOYHAS HEUPOHHAA CETh, MIOJIEBOM IKCIIEPUMEHT.

1. BeBepgeHue

[Ipobnema reo’KOJIOrHYECKOTO MOHUTOPUHTA OKPYKAIOIIUX TEXHOTEHHBIX HIYMOB B CBS3H C
BO3paCTalONIMM IIYMOBBIM 3arps3HEHHEM TOpPOJOB B YCJIOBHUSX HENPEPHIBHO pacTymiel
ABTOMOOMITM3AIIMY B MUPE CBsI3aHa C H3yUYEHHEM BO3JICHCTBHUS TEXHOTEHHBIX ITYMOB Ha OKPYKAIOIIYI0
COIMANIBHYIO Cpely W, MpexJe Bcero, Ha yesnoBeka. Oco00 OCTPO CTOMT MOHUTOPHHI HA HU3KHX —
MH(PaHU3KUX YaCTOTAX, KOTOPBIE SBISIOTCS 0CO00 YrpO’KarolIMMH JUIsl )KUBBIX OpraHm3MoB [1], a
TaKoKe HanoboJee pa3pyUTEIbHBIME JUIsl KPYITHBIX COOPYKEHUH (MOCTOB, 3IaHHH, TPOM3BOICTBEHHBIX
nomMenieHuit u T.1.). [locnennee onpenensercs TeM, 4YT0 B 00JacTH HHOPAHU3KUX YACTOT HAXOIATCS
COOCTBEHHbBIC YaCTOThI KoJieOaHui coopyxeHnit [2, 3]. OnHOI U3 BasKHBIX 3324 F€0IKOJIOTHYECKOTO
MOHHUTOPHMHIA SIBIISIETCSl PAcIlO3HABAaHHE WCTOYHHKOB TpPAHCIIOPTHBIX KojieOaHwil. B pabote
aHAIN3UPYIOTCST KOJNeOaHWs OT TSDKENBIX BHUIOB TPAHCIOPTa — JKEJIE3HOIOPOXKHOTO, TSDKEIIOro
KOJIECHOTO M TyCeHHYHOro. Takue KojeOaHHs pacipOoCTPAHSIOTCS B BHJIE CEHCMHYECKHX B 3eMIle U
aKyCTHYECKUX B aTMocdepe.

Penrenue 3a1aun pacrio3HaBaHUs IBUKYIIUXCS TPAHCTIOPTHBIX CPECTB I10 3aITHCIM CEHCMHYECKIX
CUTHAJIOB MOXET OBITh IOCTPOSHO Ha CpPaBHEHMH 3HAueHW WH(QOPMATHBHBIX IPU3HAKOB
pETUCTPUPYEMBIX KoONeOaHHH OT Ppa3IMYHBIX HMCTOYHMKOB C HMX OJTaJOHAMH, MOJIYYECHHBIMH
CTaTHCTHYECKUMHM METOJaMH Ha JTale mpeaBapuTenbHoro obyuenus. [4, 5]. B paGore [6]
pacro3HaBaHWe OOBEKTOB TPAHCIOPTHBIX CPEJACTB MPOBOJAMIOCH C TOMOIIBIO BEPOSTHOCTHOM

5 International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2023), July 03-07,
2023, Irkutsk, Russia
EMAIL: oksana@opg.sscc.ru (A. 1)
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HeiiponHoit cetu. B paborte [7] mpemmaraaocs HCIOIB30BATh TPEXCIOHHYIO HEMPOHHYIO CETh IMPSIMOTO
pacnpocTpaHeHuss U MeTo K-Ommkaiiimux coceneit. B pabore [8] wmcmonbp3oBanics METOI OMOPHBIX
BeKTOpoB. B pabore [9] pacno3HaBaHue OCHOBBIBAJIOCH HA CBEPTOYHON HEHPOHHOM CETH.

OtnnuutensHas 0COOCHHOCTb HACTOSIIEH pabOTHI YBS3BIBACTCA C BOMPOCAMH OOHAPYXEHHS U
pacrno3HaBaHUS Ha MPEENbHBIX PACCTOSHUSX, MPEBOCXOIAIINX H3BECTHBIE B YCIOBUSAX BO3ICHCTBUA
BHEIIHKUX IMyMOB. [Ipy 3TOM anropuT™Mbl U MPOrpaMMbl OPHEHTUPOBAHBI HAa O0OpPAa0OTKY TaHHBIX B
peXHMME pearTbHOrO BPEMEHH.

2. MNocraHOBKa 3a4auM pacno3HaBaHUsA

B kauecTBe KpuTepus paco3HaBaHUA UCIIOIb3YETCs IPOLIEHT IPaBIIIBHO PACIIO3HAHHBIX OObEKTOB
u3 3ajaHHOro Habopa KiaccoB. B oOmieMm ciydyae KpUTepuUi KadecTBa OMpEAENAeTCS CIeTyIOoNM
obpazoM:

P=(F, N, A) (1)
rae P BepOosSTHOCTh MPaBHJIBHOTO pacro3HaBaHus, F — Bekrop mpusHakoB, N — cocrapmnsromas
BHEIIHETO ITyMa, 4 — aJTOPUTM paclO3HaBaHU.

Bekrop mnpusnakoB F ¢Qopmupyercss u3 (GyHKUMM PEruCTpUPYEeMOro BOJHOBOTO MOJS OT
TPaHCHOPTHBIX HMCTOYHMKOB. (OHa ONKMCHIBACTCS CYMMOHM KBa3sUTapMOHWUYECKHUX (YHKIHUH C
[IEPEMEHHBIMU  [1ApAMETPAMH U [IUPOKOIOJIOCHOM ILIYMOBOM COCTAaBIAIOLIECH, OTpa)KkarolleH
B3aMMOJCHCTBUE NCTOYHUKA CO CPEAOM B MPOLIECCE €ro ABWKEHHUS, a TAKKE BHEIIHETO MEIIAIOIIETO
myMa. Mozaens Takoro KoeOaHust ONMHChIBaeTCs (DyHKITUEH

X (t) = A (K)h, L[COS(a)O (t —at ) +o, (k)) +n(t )] (2)

e wo — npeobiasaroiast B ClieKTpe Kojebanuii yacrora Bpamienus apurateis; ox(k) — dasa ee B k-oit
TOYKE perucrpaunuu, ti Mmensercs B npenenax ot toi A0 toi.+ 7, rae 7 — IMTEIbHOCTh CUTHANA, a loi
COOTBETCTBYET MOMEHTY TMOSIBJICHUS TOJIE3HOT0 KoneOanus, Ni(t) — HIMPOKOMONOCHAs IIyMOBas
COCTaBIISOIIAs, OTPAXKAIOIIAS B3aMMOJICUCTBUE MCTOUYHHKA CO CPEIOW B MPOIECCE €ro JBWKCHUS U
BHEIIHHUH IyM; Ay — aMIUIUTyaa Kosebanus Ha K-oM jaTymke; Ny — 9yBCTBUTENBHOCTh AaTumKa; L —
orepatop (puiIbTpauu cCUrHaia.

C y4geToMm npuHATOH MOJIeNH KoJieOaHHs CTaBsATCS 3a/1a4y aHalIn3a, 00HAPYKEHHUS U PACIIO3HABAHUS
HCTOYHHKA.

2.1. MpepobpaboTKa AaHHDbIX U BblgeneHne MHGOPMATUBHbIX MPU3HAKOB

AHanmu3 cMecH TOJe3HOro KojebaHus ¢ mrymoM (2) pacnajaeTcs Ha JiBa JTara: BBIYHUCICHUE
AMIIIMUTYAHOT'O CIICKTpPa C LCJIbI0 BBIACICHUA TPAHCIIOPTHBLIX KOHe6aTeJ'IBHBIX COCTaBJIAOIINX Ha (1)0He
BHEIIIHETO IIIyMa; BBIYMCICHUE CIEKTPATbHO-BPEMEHHON (YHKIMU C IETIbI0 M3YYSHHS AMHAMUKA
CIIEKTPOB TPAHCIIOPTHBIX KOJICOaHUI HA MHTEpBaje BpeMeHH 1.

Pemenne 3aa4l  BBIJCIICHUS I/IH(l)OpMaTI/IBHI)IX IMPU3HAKOB OCYIICCTBJIACTCA Ha OCHOBE
UCIIONIb30BaHMsI OKOHHOTO CIIEKTPaJIbHOTO aHain3a Dypbe IS MPOCIeKUBaHNS JMHAMUKA U3MEHEHHUS
CIIEKTpPa BO BPEMEHH:

F(k,l):fs,(tn)exp(—iz"z\l”—k

3nech L - xonuuectBo cexuuit aumrensHocthio AT = N - At kaxmas, Ha xotopble pasaensercs

) =1L (3)

uckomblii curaan S(t) , At - uaTepBan BHIOOPKH AMCKPETHBIX 3HAYCHHI CUTHATA.

HopmupoBka sBiseTcss HEOOXOMUMBIM ATAllOM TNPenoOpabOTKHM TPEHHUPOBOUYHBIX M TECTOBBIX
JNaHHBIX, IOJIaBa€MbIX Ha BXOJ aJrOpUTMa pAacCIoO3HaBaHUS A (OPMHUPOBAHMS CHEKTPAJIbHBIX
(hyHKIM, THBAPUAHTHBIX IO PACCTOSHUIO M YPOBHIO BHEIIHUX IIyMOB. [IpeoOpa3oBanne MCXOIHBIX
JMAHHBIX pe3yJbTaTa CHEeKTPaJIbHOIO aHAJIM3a BBIMOIHAETCS TaK, YTOOBI BCE aMIUTUTYIHbIE 3HAYECHUS

OuHOB (0TCueTOB) Jekanu B auanasone [0;1] mo dopmyme: X, = X, /max(X), rae X — i-oe 3Ha4YeHHE

OMHa CIIeKTpanbHOW (QYHKLUH, X — BEKTOP 3HAYCHUH OMHOB CIIEKTPaTbHON QyHKINH.
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2.2. MeTtoauKa npoBeaeHUA SKCNEPUMEHTOB

C 1enpl0 MCCIENOBaHHMs BOMPOca O BBHIOOpE HMH(POPMATHBHBIX IMAPAMETPOB CEHCMHUUYECKHUX H
aKyCTHUYECKHUX KOJIEOAHUH OT PasIMIHOTO BHIA KEIE3HOIOPOKHOTO U aBTOMOOMIBHOTO JIBHKYIIETOCS
TPAHCIIOPTA Ha ITYMHBIX MarkCTPaISAX OBUTH TPOBEIEHBI SKCIIEPUMEHTHI C IEIBI0 UX 3amucH. Takxke
Oblila BBIMOJHEHA 3aIMCh TAKMX KOJEOAHMH OT TSHKEIOrO KOJECHOr0 M T'YCEHHYHOIO TPaHCIOPTa,
DKCIEPUMEHTHI IIPOBOIWIKNCH B YTPEHHEE, THEBHOE, BEYEPHEE U HOYHOE BPEMSI CYTOK B Pa3HbIE CE30HbI
romxa. ITojydeHHbBIE JAHHBIE SABISIOTCS HCXOIHBIM MATEPHAIIOM JUIA MPEABAPUTEIBHOIO aHaIn3a U
BBIJIEJICHUS HH()OPMATHUBHBIX IPU3HAKOB, & TAK)KE O0YUEHUS U TECTUPOBAHMS HEMPOHHOM ceTH. Hike
NPUBEICH MPUMEP HOPMHUPOBAHHOM CIIEKTPaIbHO-BPEMEHHOMN (YHKIIMH, TOJYIEHHOM s TPYy30BOTO
noesza (cMm. Pucynok 1).

rp‘y 30801 noeln
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PucyHok 1: HopmuposaHHaa CB® 3anuceit ceMcMUUYECKMX KonebaHni OT ABUMKYLLErocs rpy3oBoro
noesaa Ha yaaneHuu 30 m OT }KeJle3HOA0POXKHOro No/oTHa

2.3. HeiipoceTeBOi anropuTm pacno3HaBaHUA TPAHCNOPTHbIX UCTOYHUKOB.

Habop ucxoqHpIX AaHHBIX MpeAcTaBisieTcs B BUAe Habopa marpui ¢ pazmepom M xN, rme M —
KOJINYECTBO CEKYHJ B OKHE, B IIpefesiax KOTOPOro OCYIIECTBIIsAeTCs aHaiu3, N — KOJIM4ecTBO OMHOB
CHEKTPaTbHON (PyHKIIHH.

Krnaccel koaupoBanuch ciieayronM oopazom: 0 — anektpomnoesn, 1 — rpy3oBoi moesm, 2 —
TYCEHUYHBI TPAaHCHOPT, 3 —TsDKENBI KOJeCHBIH TpaHcmopT. [lomydueHnsrit HaOoOp MaHHBIX OBLI
nepeMelia ciay4ailHeIM 00pa3oM W pasfelieH Ha TPEHUPOBOUHYI0O W TECTOBYIO BBIOOPDKH B
cootHomennn 3:1. Takoe pasfeneHre OOECIEUYMBACT JOCTATOYHOE KOJNWYECTBO DK3EMILUISIPOB B
o0y4Jaromiei u TeCTOBOH BBIOOPKax Jiist 00y4YeHHUsI MOZIETIH U €€ TECTUPOBAHUSI.

CTpyKTypHas cxema Ipe/iiaraeMoil HeHpOHHOM CeTH MpeACTaBlIeHa Ha prucyHKe Hibke (PucyHok 2
(a)). B kauecTBe (YHKIMHM IOTEPh HCIIOJIL30BANACh KaTeropHajibHAs KPOCCOHTPOIHS, KOTOpas
OIMCBHIBAET, HACKOJIbKO OJIM3KO MpeicKa3aHHOe paclpeielieHue K HCTHHHOMY. B kadecTBe anroputma
ONTUMM3ALUH II0A00Pa BECOB U MOBBIIEHUS CKOPOCTH 00yUYEHHUS UCTIONB3YETCS ONTUMH3ATOp «Adamy
[10].

Input layer

MaTpuua owmnbok

Conv2D

175
Conv2D

150

Dropout 125

: - 100
MaxPooling2D
-75

Flatten

-50

WCTUHHbIE 3HaYEeHWA

1.0 0.0 -25

Dense

T T T -0

0 1 2 3
MNpeackasaHHbIe 3HAYEHWSA

a) 0)
PUCYHOK 2: a) CTpyKTypHas cxema HelpoHHoM ceTn 6) MaTtpuua olwmnboK Knaccudukaumm
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[IpoBepka TogHOCTH pabOTH KiTaccupukaTopa, 00ydeHHOTO Ha TECTOBOU BRIOOPKE, TPOU3BOIMIIACE
Ha JaHHBIX, HE yYacTBOBABIIMX B Mpolecce 00ydeHns: HEMPOHHOH CEeTH, YTO 00ECIeUUBaET OLEHKY
o0o01maromei cnocoOOHOCTH MOJIENY K O0OYYEeHHUIO U UCKIIIoYaeT BIUsHUE dQdeKTa nepeoOyueHns Ha
3HAYCHUE IMoKa3aTenss TOYHOCTU. [IpPOIEeHT NpaBUIBLHOTO pACIO3HABAHUS PACCUMTHIBACTCS Kak
OTHOIICHHUE YK CIIa MPAaBUIIBHO KIaCCU(PHUIIMPOBAHHBIX 00pa3IloB K YHCIy Bcex 00pa3noB. Ha TecToBoit
BBIOOpKE Tako mokaszareib coctaBui 95%. Huxe na pucynke (Pucynok 2 (0)) mpeacTaBicHa MaTpuIia
omuOOK, MOKA3bIBAIONIAS PACIIPECIICHHUE CIyYacB MPABIIBLHOTO W ONIMOOYHOTO PACIIO3HABAHHUS IO
KJlaccam.

3. 3aKknwueHue

B pabote mpennoskeH W peasn3oBaH HEWPOCETEBOW AJTOPUTM paclO3HABaHUS TPAHCHOPTHBIX
O00BEKTOB MO CEMCMUYECKIM KOJieOaHUsIM Ha OCHOBE CBEPTOYHON HEHMpOHHOI ceTu. Ha rpynme u3 4-x
Pa3HOTHUIIHBIX TPAHCHOPTHBIX OOBEKTOB (AJEKTPOINOE3N, TPY30BOH IOE3M, TSDKENbIM KOJNECHBIH U
T'YCEHUYHBIH BUBI TPAHCIIOPTA) HOCTUTHYT Pe3yJbTaT UX MPAaBUIBHOTO PacHO3HaBaHMs OKOJIO 95%.
AJ'II‘OpI/ITM pa60TaeT Ha AJAaHHBIX, MMOJYUYCHHBIX IPH PA3JIMYHBIX JAJBHOCTAX ABHKCHHA TpaHCIOPTA,
HauyuHas oT 700 MeTpoB U BhilIE. [loaydeHHbIE IPU 3TOM PE3yNbTaThl OJHOBPEMEHHO MO AATBHOCTH
OOHapy>XeHHUsl MPH TOH KE TOYHOCTU PACIO3HABAHUS IPEBOCXOIAT paHee MOIyYEHHBIE IPYyTUMH
aBTOpamH.
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Optimization of Network Interaction on a
High-Performance Cluster Using Graph Scheduling
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Abstract

Data access time become large problem for data processing in distributed environments with a growth
of system scale and data size and source of software optimization. In this paper, we research the problem
of optimizing I/O and processing operations for a distributed Hadoop cluster that process data in HPC
paradigm framework. To increase the efficiency of the framework that processes queries in HDFS, a
graph algorithm were developed with respect to optimal use of resources using HDFS data locality on
a processing graph. The graph uses data file blocks and replicas, hosts and workers as a nodes, and
links between them as edges. The results of reading stage optimization phase was implemented and
performance improvements measured comparing baseline and Spark as Industry standard framework.

Keywords
HPC, graph, scheduling, multiprocessing, network, HDFS, reading utilization

1. Introduction

Distributed computations performance and efficiency are highly controlled metrics as far as
distributed computing resources are expensive but obligatory to solve large-scale problems. The
computations overhead reduction become the high priority task for developers in distributed
environments of any type. Big Data clusters and HPC [1] clusters have many common features
in the architecture but historically inherit very different approaches. High-performance clusters
are designed to perform complex heavy calculations and simulations, handle processing of
large-scale data, and require high-speed data transfer rates to keep latency and bandwidth
between computing nodes and from storage area network (SNA).

Big Data clusters store and process data in the same nodes and more focused on fault tolerance
and availability. Last years these two independent branches converging heavily due to increased
data size for scientific processing and requirements to increase computation speed and density
for Big Data clusters. Many projects like [2, 3, 4] were developed to converge HPC computations
stile with benefits of Big Data infrastructure. One of the most difficult problems to solve is data
access and I/O in general and especially for Big Data clusters as far the hardware use more
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typical storage and networking devices than HPC and computation time takes smaller portion
of total execution time providing larger portion to I/O. High Performance clusters are based
on more advanced hardware and use more advanced approaches and algorithms to reach top
level of computations efficiency, so they are used as a source of technologies and approaches to
enhance software in Big Data to ensure maximum performance and scalability.

Apache Hadoop is an open-source software framework used for distributed storage and
processing of large datasets. It enables users to store, manage, and process big data across
clusters of commodity hardware. Hadoop Distributed File System (HDFS) is a distributed file
system that is designed to store large amounts of data reliably and provide high bandwidth access
to that data. However, I/O (input/output) performance can sometimes become a bottleneck [5]
in HDFS due to factors such as network latency, disk speed, and data locality. This paper [6]
compares the I/O performance of different file systems used in Hadoop, including HDFS, Amazon
S3,and GlusterFS. The authors analyze the impact of various parameters, such as block size
and replication factor, on HDFS I/O performance. In [7] authors investigate the performance
of HDFS using different benchmarks and workload patterns. Problems were also identified in
network bandwidth.One of the possible solutions for optimizing network interactions (including
reading, writing and forwarding blocks) can be the use of graph data locality algorithms [8].
When trying to read data relative to the current node without using unnecessary access to the
network, the performance of the computing system is significantly increased [9]. The authors
of the article developed an algorithm that significantly reduces query processing time in a
high-performance cluster by using a graph algorithm that minimizes the number of transfers in
the network and maximizes the number of HDFS blocks located locally on a given cluster node.

2. Background

Previously, the graph algorithm was implemented by the authors in [10] for a similar data
locality problem. The previous research problem was as follows: let there be some SQL-like
query that operates on data in a particular file. This file contains N blocks, is distributed across
H hosts in HDFS, and has a replication factor of R (that is, the number of copies of each block
on different nodes will be R — 1). The task is to redistribute blocks on hosts in such way that the
blocks are most evenly distributed. The solution for such a task would be to build a "transport
network" type graph with vertices representing the blocks and hosts of the system, as well as
finding a path from the entry point ("source") to the exit point ("sink"), which implies finding a
connection between each block and the optimal host for this block. For this was proposed the
max-load value L ("each host can process no more than L blocks") with Dinic’s algorithm.

Finding the value of L can be obtained by minimizing the value of the maximum flow (binary
search on values from N to N/H). Thus, an optimal graph with well-distributed blocks will
reflect the following situation: each host processes a uniform number of N/H blocks, all of
these blocks are in the most local positions.

Graph G = (V, E,C, F) is a transport network (V' — set of vertices, E - set of edges, C' -
set of capacities between edges, F' — set of flow between edges), which means the HDFS-file
representation to optimize paths to specific host and choose the optimal number of blocks for
processing on each host.
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Figure 1: Architecture of optimization

However, this task by itself does not solve the problem of I/O in HDFS or any other file
system, because it does not take into account the actual computing resources of the system.
Next, let’s consider another problem based on a graph approach, but taking into account the
problems of reading and forwarding, as well as the locality of data in the actual execution of
queries.

3. Contribution

When using an experimental framework for processing big data, system resources are used,
which the authors in this work called "workers". These can be cores (physical or virtual),
coroutines, or other entities that perform part of the whole task of processing an SQL-like query.
The problem with a real computing system is that there is no method of reading blocks in a
distributed order in query operations. Thus, the entire file is read sequentially, and each worker
is allocated its own data block (or set of blocks) for reading.

Based on this, worker located physically on one host can work with a block located on
another host. In this case, such a block will need to be implicitly forwarded to the first host,
which entails unjustified network operations, which can be avoided if data blocks are localized
in advance by the corresponding workers. Such situation is represented in Figure 1(a).

Let’s describe a graph G = (V, C, W, E, F). Each edge has two properties < W, C' > (weight
W and capacity C). All the weights for edges are equals to zero (except for the edges between
block and the host that needs network transferring). Maximum flow in this current graph is
the number of blocks NV, but the blocks’ distribution is optimized with F' value (as it was for G
graph’s algorithm). So the usage of the edges with weight 1 is minimum. Vertices {V1, ..., Vx'}
are related to blocks from 1 to N and vertices {Vy 41, ..., VNym+1} are related to hosts from
1 to H. Let’s also denote GetBlockLocation function which returns a set () of hosts that
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contains current block physically (obviously, |Q| = R). Next, Algorithm 1 for constructing a

new graph will be described.

Algorithm 1 Graph G construction for network optimization

Let G has N 4+ X + 2 vertices and N(R — 1) + X edges;
Vo = source, Vx4 x+2 = sink;
forie {1,...N} do
E(source, V;) =< 1,0 >;
@ = GetBlockLocation(V})
for each ¢ € Q do
E(Vi,q) =<1,1>
end for
for each ¢ ¢ () do
E(Vi,q) =<0,1>
end for
end for
forje {N+1,...N+ H+1}do
(Vj,sink) =< N/X,0 >

end for

Once again, it must be emphasized that the process of building this graph is a modification of
the graph (7 using control over the transfer of blocks to hosts that are not related to this worker.
The structure of the GG graph is shown in Figure 1(b).

In other words, one can build two tables - "worker-block(s)" (with a 1:N relationship) and
"worker-host" (with a 1:1 relationship), and then maximize the number of blocks that are located
on the host of the current worker to build a third table "blocks-host" (with an N:M relationship).
This will minimize the number of network transfers associated with additional overhead when
trying to process a query.

Thus, thanks to the use of graph strategies, the authors obtained a reduction in data processing
time on specific hosts, as well as an increase in fault tolerance due to the use of only the data
on which the current blocks are stored.

4. Results

To demonstrate the effectiveness of the obtained data locality algorithm on the G graph, testing
was carried out using an experimental framework for distributed computing of big data, on
which 43 SQL-queries from the TPC-DS benchmark were processed. The authors carried out
tests on a limited set of TPC-DS tests (43 out of 99), because it is for these queries that the
correct execution plan is generated in experimental framework. Same tests were provided for
Spark (versions 3.1.3 and 3.4.0). 5 iterations of tests were carried out for each query, and the
mean among all iterations was chosen as the final value. The "Total" line contains the total
execution time, as well as the mean value among all acceleration ratio values.

The acceleration ratio metric for each case was calculated as a,; = tg—;, where o; is i-th query
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execution time in the case of a graph optimized framework,  x; is execution time (i-th query,
respectively) in z-th framework (Spark v.3.1.3, Spark v.3.4.0, baseline).

To analyze the uniformity of tasks, a data skew metric has been introduced. For each query,
the distribution of file blocks in HDFS is known. Let each host have {b1, ba, ..., by } of file blocks.
Introduce the skew metric as follows:

H
o=HM/Y b, M= maxb,

= i=1,0H

The data is evenly distributed if 0 = 1. Obviously, if the distribution is uniform, hence

H H
M=X" b/H ando = H (Z bi/H> / Sh=H =1

The tests were carried out on aZ clluster usinng ;)hysical nodes, 10 workers per node, CPU with
Intel Xeon Gold 6230N, RAM: 8*32G DDR4 ECC. In distributed computing, the MPI standard
(an implementation of MVAPICH3.2) was used, as well as hash table optimization using the
robin_hood library. Total amount of processed files contains 96.3 GBs of data.

First, consider a subset of tasks with o < 1.6, as well as tasks whose data contains more
than 9000 bytes of information. Further, the authors will call such a set the "common". Figure 2
shows a histogram of acceleration for 30 tasks that form a "common" dataset. It can be seen
that for all tasks the acceleration of optimization on the graph exceeds one, which means that
there is an acceleration for all "common" tasks. Table 1 below shows detailed execution time
and speedup values for each query in the "common"” group.

Optimized fr k acc [: i ("common" tasks)

® Baseline ®Sparkv.3.13 B Spark v.3.4.0

Query ramber

Figure 2: Acceleration comparison ("common" tasks)

Further, we will consider only tasks in which the initial data size does not exceed 9000 bytes
("small" tasks). In total, there are 5 such requests in this set. In Figure 3(a), the one can see that
Spark v.3.4.0 is more efficient on such tasks - the speedup in comparison with this framework
is always less than one. This is due to the presence of an overhead for processing small tasks in
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Table 1

Performance comparison (baseline TPC-DS and graph optimization) on "common" tasks

Execution time (sec.) Acceleration
Query # Spark Experimental framework Graph optimization comparison
v.3.1.3 v.3.4.0 Baseline Graph opti- | Baseline Spark v.3.1.3 | Spark v.3.4.0
mized

3 11.549 10.391 10.142 5.397 1.879 2.140 1.925
9 110.468 113.433 104.448 65.856 1.586 1.677 1.722
17 29.178 27.555 22.998 17.371 1.324 1.680 1.586
21 7.366 8.414 10.516 4.342 2.422 1.697 1.938
25 27.961 24.433 23.130 18.905 1.223 1.479 1.292
28 60.890 54.480 42.698 31.553 1.353 1.930 1.727
29 30.995 27.310 22.569 17.464 1.292 1.775 1.564
33 21.875 17.840 21.843 11.132 1.962 1.965 1.603
34 12.889 13.483 11.241 5.807 1.936 2.220 2.322
37 12.881 13.220 10.892 7.785 1.399 1.655 1.698
40 12.691 11.933 12.695 7.987 1.590 1.589 1.494
42 10.881 8.443 10.039 5.117 1.962 2127 1.650
43 11.307 6.606 10.581 5.599 1.890 2.019 1.180
45 8.463 5.100 6.878 4.287 1.604 1.974 1.190
46 16.046 15.322 13.122 6.838 1.919 2.346 2.241
50 14.948 15.500 13.537 9.363 1.446 1.596 1.655
52 12.246 12.208 9.924 5.234 1.896 2.340 2.332
55 12.102 11.294 9.848 5.212 1.890 2.322 2.167
56 19.955 25.310 21.827 11.181 1.952 1.785 2.264
60 20.312 20.766 21.946 11.302 1.942 1.797 1.837
61 24.222 23.305 26.807 13.163 2.037 1.840 1.770
68 14.999 12.329 13.290 6.285 2.115 2.387 1.962
7 21.132 20.955 21.329 10.722 1.989 1.971 1.954
73 11.337 6.780 10.490 5.394 1.945 2.102 1.257
76 20.363 19.504 16.535 9.940 1.664 2.049 1.962
78 45.485 50.313 53.735 42.582 1.262 1.068 1.182
79 14.149 13.400 12.529 6.675 1.877 2.120 2.008
82 16.493 19.430 14.644 10.383 1.410 1.588 1.871
85 7.387 5.690 6.043 4.377 1.381 1.688 1.300
96 10.887 8.879 9.567 4.956 1.930 2.197 1.792
97 18.353 22.309 22.847 13.913 1.642 1.319 1.603
Total 669.810 645.935 618.692 386.121 1.879 1.930 1.727

the experimental framework. However, the execution time and acceleration for "small" tasks,
generally speaking, is not critical in operation, since their execution time does not exceed 5
seconds on average. However, for such tasks, an acceleration of 40% relative to the base version
of the framework was obtained, and also an acceleration of 56% relative to Spark v.3.1.3. The

Table 2 shows the detailed results of the study for each request from the group of "small".

Table 2

Performance comparison (baseline TPC-DS and graph optimization) on "small" tasks

Execution time (sec.) ‘ Acceleration
Query # Spark Experimental framework Graph optimization comparison
v.3.1.3 v.3.4.0 Baseline Graph opti- | Baseline Spark v.3.1.3 | Spark v.3.4.0
mized
62 4.966 1.055 7.562 3.383 2.235 1.468 0.312
83 4.884 1.388 4.107 2.925 1.404 1.670 0.475
84 2412 1.066 2.169 1.799 1.206 1.341 0.593
91 2.764 1.088 1.788 1.289 1.388 2.145 0.844
95 16.772 15.396 30.326 26.274 1.154 0.638 0.586
Total 26.832 18.938 38.390 32.286 1.396 1.569 0.534
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(a) "Small" tasks (b) "Skewed" tasks

Figure 3: Acceleration comparison for special cases

In this experiment, the focus is on data with skew value ¢ > 1.6. This group of data is called
"skewed" data, and it is important to note that their distribution in the system is uneven. Results
of experiments on such data are shown in Figure 3(b) and Table 3.

Table 3
Performance comparison (baseline TPC-DS and graph optimization) on "skewed" tasks
Execution time (sec.) ‘ Acceleration
Query # Spark Experimental framework Graph optimization comparison Skewness o
v.3.1.3 v.3.4.0 Baseline Graph opti- | Baseline Spark v.3.1.3 | Spark v.3.4.0
mized
7 21.535 22.499 11.744 6.016 1.952 3.580 3.740 1.678
15 19.515 25.943 10.383 8.905 1.166 2.192 2913 1.820
19 21.485 20.841 10.881 5.773 1.885 3.722 3.610 1.715
26 30.076 29.551 8.618 4.591 1.877 6.550 6.436 1.772
90 8.026 10.507 4.239 2.014 2.105 3.985 5.216 1.601
93 21.021 33.303 20.396 9.844 2.072 2.135 3.383 1.622
99 7.415 14.950 15.411 5.959 2.586 1.244 2.509 1.750
Total 129.073 157.594 81.672 43.102 1.952 3.580 3.610 1.899

Thus, the total execution time on Spark v.3.1.2 was 825.715 seconds, and for Spark v.3.4.0, a
subset of TPC-DS benchmark queries runs in 809.756 seconds. An optimization for the new
version of the Spark framework is the presence of the BloomFilter Join [11] operation, which is
the main innovation at the moment. For the experimental framework, the total execution time
was 707.250 seconds, which is 15% faster (on average) than running a similar batch on Spark.
However, with the presence of graph optimization, a time of 444.793 seconds was obtained.
Relative to the experimental framework, a 60% speedup was obtained by building a graph.

5. Conclusion

In this paper, an algorithm for optimizing calculations on a high-performance cluster with a
decrease in the number of inter-network interactions was demonstrated, since this is exactly
the bottleneck both in HDFS and in many other distributed file systems. This algorithm uses
the solution of a two-parameter problem related to minimizing the penalty for data transfer
and minimizing the flow in the transport network G.

This optimization significantly affected the execution of all test queries of the TPC-DS
benchmark, and therefore we can unambiguously conclude that locality is a key point when
working with distributed data. In real systems, one should take into account not only the
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distribution of the file, but also the context units (cores, executors, threads) and build a detailed
relationship between how the blocks of the file are distributed and how these blocks are executed
on physical resources. In future studies, the authors will reflect a more detailed method for
solving this problem with the introduction of weights not only on the edges of the graph, but
also in the switch device. It is also necessary to develop the idea of a graph approach in a larger
number of dimensions, taking into account the features of the system and other factors that
affect performance degradation. Experiments have shown that optimizing only I/O operations
leads to an increase in the efficiency of the entire framework by 20%, so building more complex
models to take into account a different type of operations will qualitatively affect the operation
of the system.
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Pa3paboTtka cpeabl NUKTOrpaduueckoro NpPorpammupoBaHUA
Kubepdpusmueckux cuctem B napagurme MallnH COCTOAHUM

Muxann Aunpeesny Yekan !

Y Uncmumym ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocoea Cubupckozo omoenenus
Poccuiickoii akademuu nayx, Poccus, 664033, . HUpkymck, yn. Jlepmonmosa, 134

AHHOTauuA

B noxmame oOcyxpaercss TeKyliuil craTyc pa3paOOTKH Cpefbl IporpaMMHpPOBaHUS,
co3/laBacMOi B paMKaxX HaIMOHAILHOW KHOep(hu3ndeckod 1maaTGopMbl. AKTYyalbHOCTh
co3maHusi OOYCIIOBJICHA CHIDKEHHEM BXOTHOTO IIOpOTa s IIOJIb30BaTeneil 3a Culr
MPUMEHEHUS TUKTOrPagUYecKoro s3blka M NapagurMbl HEPapXUYECKUX MAIIHMH COCTOSHHH.
[Ipu sTOM WuCIONB30BaHHE WOCIECAHUX CBS3aHO C IIEPEXOAOM K HOBOM mapamurme
MPOSKTUPOBAHUS KHOSPPHU3MUSCKUX CUCTEM.

KnioueBble cnosa
ABTOMaTHOE IPOrpaMMHpPOBaHNE, KUOephHU3NUECKHE CUCTEMBI, IPOrPaMMHAasi HH)KEHEPHSI

1. BeBepeHue

Cornacuo [1], kubepdusndeckas cucreMa — 3TO KOMIICKCHAs CHCTeMa (PH3HYECKHX DIIEMEHTOB M
UX LOUQPOBBIX ABONHMKOB B BBIYMCIHMTEIBHOM CJIOE YIIPABICHUS, KOTOpas HOCTOSHHO IOJIy4yaeT
JaHHBIE U3 OKPYXKAIOLIEH MX CpPeibl W MCIONb3YeT MX Ul ONTUMM3ALUHU MPOLECCOB NOCTIKEHUS
ycTaHOBJIeHHBIX Heneil. Knbepdusuka cymecTByer Ha cThIKe (U3NKH, THPOPMAIIMOHHBIX TEXHOJIOTHIA
Y MaTeMaTHKH, 1 HECMOTPsS Ha OTCYTCTBHE B HACTOSIIUII MOMEHT MacCOBOIl M3BECTHOCTH, OXBAThIBAET
IIMPOKUH CHEKTp 3afad OT MPOrpaMMHUPOBAHMS OTHENBHBIX 3JEKTPOHHBIX YCTPOHCTB 10
MPOEKTHPOBAHUSI «YMHBIX» UHPPACTPYKTYp B DHEPreTHKE, Ha TPAHCIIOPTE, B CEIILCKOM XO3SHCTBE U
JPYTUX BOXHBIX c(epax 4eTOBEUeCKOH JAesITeIbHOCTH.

B Tekyumx 3KOHOMHUYECKUX YCIOBHUSX AKTYalIbHBIM SIBJISIETCS] TOCTH)KEHHE TE€XHOJOIMYECKOTO U
KagpoBoro cysepenutera. CrapT (QOpMUPOBaHMS HALUMOHAIBHONW KHOEp(U3NYecKOH IaTGOopMBI
(HK®IT) BbI3BaH mpex/ie BCero MoTpeOHOCThI0 B MHXKEHEPHBIX Kajpax, CIOCOOHBIX MPOSKTHPOBAThH U
CO3/1aBaTh MUKPOJIEKTPOHHbBIE U Knbepdusnueckue cuctemsl [2]. Pazpadorunku HK®DII mianupyoT
pPEeLIUTh 3TOT BONPOC 4Yepe3 MOMYJSIPU3ALMI0 TEXHUYECKOrO TBOPUYECTBA M TEXHOJIOTHMYECKOI'O
oOpa3zoBaHusi B cpepe MHUKPOIIEKTPOHHKH M KUOepPHU3HMKH, CO3/1aBasi TPACKTOPHIO OT IIKOJBHON
MPOTPAMMBI ¥ TEXHOJIOTHYECKUX KPY>KKOB JI0 TPO(UITBHBIX KYPCOB U PEIICHUsI TPOMBIIIICHHBIX 33/1a4.

ITepBoiM MaccoBbIM pemicHneM B pamkax HK®IT crama miardopma «bepmoray [3],
npencTasisiomas coboil Habop o0pa3oBaTeNbHBIX UIP, CYIIECTBYIOIIMX B €IUHOM CETTHHre. B
HACTOsIIIIee BpeMs JOCTyIHAa Wrpa «3amMra macekm» B sxanpe Tower Defence, rme jormka Bcex
UTPOKOB 3aJaéTcsi M3MEHSAEMBIMH IMPOrpaMMaMH, M s HPOXOXKACHUS OoJiee CIOKHBIX 3TAIOB
HEOO0XOIMMO COBEPIICHCTBOBaHKE 3THX mporpamM. Ha stoil mnardopme Takke miaHUPyeTCs BBIXOA
POJIEBON UTpBI-KBECTa ¢ HAOOPOM MHUHHU-HUTDP. [ TaBHas ocoOeHHOCTh «bepiioruy — 3To IByCTOPOHHSIS
WHTETpays JIOCTHKEHUH B WIrpe W peanbHOW >KU3HHW. [IpMHHMAas yd4acThe B HHIKEHEPHBIX
CODEBHOBAHMAX M HHTEHCHBAX, MIKOJIBHUK WM CTYIEHT (opMmHupyeT mopTdoino Ha miatdopme
«TamanT» KpyxkoBoro nemwkenns HammonanpHOM TexHomormdeckoi naunmatusbl (HTU), koTopoe
MO3BOJISIET OTKPHIBATH HOBBIE (DYHKIIMHM U MPEMETHI B UTPax. Y CIIENIHOE MPOXOXKICHHUE UTPBI TAKKE
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2023, Irkutsk, Russia
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orMeuaeTcs B «TalaHTe» W MPOSBISETCS B MPOQUIIE MOJIB30BATENS, YTO HIPACT MOTUBUPYIOIIYIO U
npooprueHTaIMOHHY0 poiib. [Ipu 3TOM B TexHonorndeckor miockoctd HK®II paspabarsiBarotcs
HOBBIC CTAHIAPTHl W WHCTPYMCHTHI, TPU3BAHHBIC MOJHATH KAa4€CTBO CO3/IaBACMBIX CHUCTEM U
JNOCTYIHOCTh MX CO3JIaHHs 0oJiee MUPOKOMY KpyTy moiib3oBareneid. OMHUM U3 TaKMX WHCTPYMEHTOB
MpU3BaHa CTaTh, €CIH MPUBOAUTH OPHUIHAIBHYIO0 (HOPMYITHUPOBKY, cpena rpadudeckoro uHTEpdeiica
MPOrpaMMHUPOBaHUs, OCHOBAHHOTO Ha JUarpaMmax HMepapXW4yeCKUX MalluH COCTOsHUM. Pa3paborka
3TOH cpeJbl OCYIIECTRISETCS B paMKax Tpoekra «[IMKkTorpaMmay, TiiaBHasl 1eJib KOTOPOTO — CO3aHue
IDE nmns pa3paboTku Kubephu3nIecKuX CHCTEM.

2. Cpepa Lapki IDE

B Hacrosmmit MomeHT cpena noj HazBanueM Lapki IDE akTuBHO pa3zpabaThiBaeTcs CTyIEeHUECKOM
KoMaH0# ¢ Mast 2023 roma o pyKOBOACTBOM aBTopa. B xoHIie nronst 2023 roaa miiaHupyeTcst BBIBOJ
Cpensl B 3aKpBITHI OeTa-TecT, a B CEHTI0pe — MyONmuKalus MEepBOTO peln3a Ha IaTgopMme I
MIPOEKTOB C OTKPBITBIMU HCXOJHBIM KOJIOM.

B niepBoii urepanuu Lapki IDE paccunTana Ha pa3paboTKy cxeMm Ui UTPbI «3allIuTa MaceKm» Ha
marpopme «beproray, a Taxke st wiatel Arduino Uno. B nasnpHeiieM IiIaHUpyeTcs pacuinpeHne
CTHCKa TUIATPOPM, B TOM UHCIIE BHEIIHUMHU KOMaHaM1 U dHTy3uactaMu. OAHOM U3 Takux maTdopm
CTaHET CUMYJISITOP KOCMHYECKHUX anmnapaToB «Opoutay [4], ucnosb3yemslii B poduiie «CriyTHUKOBBIC
cucteMb» HanMoHaIbHOM TEXHONOTHYECKOW ommuMmnuanel. O4eBHIHO, B TUIAHAX TAKXKE PACIIUPEHUE
anmapaTHbBIX 1atdopm, BKITtodas ocHoBaHHbIe HA STM32, ESP8266 u ap.

I'naBHOM, ocHOBomonaratoieil yeproit cpenst Lapki IDE sBisiercs ucnonb3oBaHue BH3yalbHON
napagurMpl IPOrPaMMHUPOBAHUSI HAa OCHOBE PACIIMPEHHBIX HEPAPXUUECKUX MAIIWH COCTOSHUH
(PUMC). DT0 MPOMBINUICHHBINH CTAHAAPT MPOTPAMMHUPOBAHHS BCTPAUBAEMBIX CICTEM, OCHOBAaHHBIN Ha
UML u mupoko NpUMEHSEMBIH B IIUPOKOM KJacce YCTPOWCTB OT JAaTYMKOB JO MapcoOXoA0B. 3a
py6exom napaaurma PUMC pacnpoctpanena omarogaps M. Cameky [5] u ero kommanuu Quantum
Leaps. B oteuecTBeHHOIl cpeme  cymiecTByeT POACTBCHHAs MNapagurMa  aBTOMAaTHOIO
nporpaMMupoBaHus, oOo3HaueHHass U pa3BuBaemas A.A. lllanerto [6]. Ilpumenenne PUMC
oOecrieyrBaeT HU3KHI TOPOT BXOJ@a B CO3JaHWE CHCTEM JUIsi HAaYMHAIOMIMX Pa3pabOTUYUKOB.
[IpoaBHHYTEIM K€ MOJB30BATENsIM Takas HapajurMa JaeT BO3MOXKHOCTb CO3[aBaTh CJIOKHEHILIHE
QITOPUTMBI, COXPaHssl MPOCTYI0O M MPO3PAavYHyI0 BU3YaJbHYIO CTPYKTYpy. B ammapaTHbeIX cuctemax
ynpasiieHHs (HampuMep, KOHTPOJUIEpaX yMHOTO JioMa WIIM po0OTax) dvaile BCero TpeOyIoTcs He
MOCTOSIHHBIC BBIYUCIICHHS, a8 peaKius Ha BHENIHWE coObITHA. [103TOMYy mapamurma COOBITHIHHOTO
POrpaMMUPOBAHUS AJI1 TaKUX cUCTeM sBisieTcs: ectecTBeHHOU. Cxema PUMC narnanHa, mostomy
CTaHOBHTCS JIerye pa3padaThiBaTh NPOrpaMMy UTEPATUBHO, MTOCIIEIOBATEIBHO YCIOKHSIS €€ JIOTUKY H
n00aBJIsist HOBBIE COCTOSIHUSL. JlnarpaMMa CTaHOBHUTCS [T ce0si caMOM 2IIeMEHTOM JIOKyMEHTAIINH, YTO
3HAYUTENIHO 00JIEr4yaeT COBMECTHYIO Pa3pabOTKy M HOIAEPKKY IPOTPaMM.

Kpome storo, B PUMC mnpennaraercsi mpUMEHEHHE MUKTOrpauuecKoro S3blKa, Ie Kakaas
MUKTOTpaMMa COOTHOCHTCSI C 3JIEMEHTOM si3bIKa 11esieBoil miatdopmel. [Ipu 3TOM monb3oBaTens He
OrpaHNYEH MUKTOIPAaMMAaMH M MOXKET HCIOJIb30BaTh CETMEHTHI KOJa, HAalMCaHHBIE BPy4YHYIO. Tak,
o0Iye NPUHLUIBI TOCTPOCHMS AWArpaMM M HUX TpauyecKoe MpPEeACTaBICHUE COUYETAIOTCS C
BO3MOXXHOCTBIO TEHEPUPOBATH KOJI Ha JTFOOOM TPaJUIIOHHOM SI3bIKE MPOrPaMMHUPOBAHHS.

[poexT «[TukTorpaMMay MpU3BaH peain30BaTh B Cpejie PsiJl MPHUHIIUIIOB, CIIOCOOCTBYIONIHX Ooliee
ObICTpOMY BXOIy B pa3pabOTKy C OJHOW CTOPOHBI, & C APYrod — IOBBILIEHHIO OCO3HAHHOCTH H
MOHWMAaHUsl TIpoliecca pa3padoTKW. Hampumep, TPUHIMI «OTKPBITOTO KaroTa» JCKJIapUpyeT
MIPO3PaYHOCTh Pa3pabdOTKU Ha BCEX ATarax. ITo JOCTUraeTCs BEIHECCHUEM Olepalluii Hal IaThopMoi
(Oynp TO 3TaIBl KOMOWISIMK WK NPOIIMBKA YCTPOMCTBA) B MOJIE IPSMOTO JOCTYIA IOJIb30BaTeNs, a
TaKXe CHaO)KeHHEM MHTep(eiicOB HACTPOMKH, BHIXOJIHBIX KypHAJIOB M apTe(hakToOB «IIepeBOJOM» Ha
Ooyiee JIOCTYIHBIA HECHENUAINCTaM S3bIK. BJ00aBOK K 3TOMY, TPWHIMIT «ABTOCTONOM TIO
KOHTPOJIIEPY» NPEATOIaraeT METOIMKU U JOKYMEHTAIIHNIO KaK HEOThEMIIEMYIO YacThb cpelibl. B uieane
MOJIb30BATENI0 HE TpedyeTcs CaMOCTOATENbHO MOJBICKMBATh OOydaromme W HHQOpPMalrOHHbBIE
MaTepHalbl 110 [eJIeBOoi aThopme, T. K. OHH JOCTYITHBI HEMOCPEJICTBEHHO MPH pa3paboTKe.

[Mpunmun «pa3zpaboTka B COCTOSHHIH MTOTOKa» 00ecreunBaeT KoM(pOPTHOE MpeObIBaHKUE B Cpeie 3a
Cu€T TIIATEIBHOM MPOPabOTKM MOJIB30BATENBLCKOTO OMmbITa (aHIIL., USer experience, UX) c wmeinbro
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COKPATHUTh YHCJIO JIMIIHUX U KOHTPUHTYUTHUBHBIX JeHCTBUA. [IpHHIUIT «OpHEHTAIINS HA COBMECTHYIO
paboTy» IMpH3BaH CIIOCOOCTBOBATH MEPEX01y Pa3pabOTUYNKOB, OCOOCHHO eI 00yJaromuxcs, K padboTe
B KOMaH Ie 3a CYET BCTPOCHHOM MOIEPIKKH HHCTPYMEHTOB COBMECTHOM OTHOBPEMEHHOMN pa3paboTKH.
[TpUHIUIT «MOIYJIBHOCTD U TPAHC-00Ja4HOCThY onpeesiet apxutektypy Lapki IDE kak kiueHTCKOE
MPWIOKEHUE W HAO0Op COMPOBOXIAIONIMX €0 MOJYJIEeH, pa3MeIaeMbIX BMECTE ¢ KJIMEHTOM WU Ha
ynaiaéHHoM cepBepe (B obOiake). Hampumep, pasMerieHue B o0i1ake MOAYISl KOMITMJISIIMUA MTO3BOJIUT
pacnpeienéHHON KOMaHJie TPOU3BOJAUTH COOPKY BBIXOJHOTO (paiiiga MPOIIMBKHA B OJMHAKOBBIX
BOCIIPOU3BOJIUMBIX YCIIOBHUSX, & TAKXKE CHU3UThH TPeOOBaHUS K pabouel craHimy. BerHeceHre MOTyIIst
3arpy34rka TaKKe IMO3BOJISICT OOJIErdMTh MPOILECC pa3paboTKH, yOupas HEOOXOAUMOCTh KaXIOMY
pa3paboTUHKYy BIaJCTh MPOIIHBACMBIM YCTPOHCTBOM.

ApxutekTtypa paspabareiBaemoii IDE mpencraBnena Ha pucynke 1. 3enéHbIM IBETOM BBIACIICHBI
MOJIyJH, TUITAHUPYEMBIC B CIICAYIOLICH UTepaluK Pa3padOTKH.

GraphML

@ ‘ / ot S __‘\\\\

JSON

0%

Lapki IDE

WebSockets

3arpysuK
Arduino Uno/Micro

Komnunsatop

Op6uta
o
AOKYMeHTauuu :

S 0O6nako CoBMecTHas
Peno3sutopun (orparwy. pocryna) bubnunotekn

PucyHok 1: Cxema apxutekTtypbl Lapki IDE

3. 3aKknwueHue

B pabore paccMOTpeH TEKyIIUi CTaTyCc pa3paOOTKU Cpelibl MPOrPaMMUPOBAHUs, CO3/1aBaeMOi B
paMKax HalMOHANBHOW KHOep(pU3NUecKol TUIATPOpPMBI MO PYKOBOACTBOM aBTOpa. B HacTosmuni
MOMEHT T'OTOBBI JOKa3areibHbie TpoToTHisl (Proof-of-concept) Bcex simepHBIX MOJIyIEH: KIMEHT C
PEAAKTOPOM HUEPAPXUUYCCKUX MAIIMH COCTOSHUM, MOIYJIb KOMITUIISITOPA, BBIMOIHSIOMUN cOOpKy X86-
npwiokenuit Ha C++, u 3arpy3umk aas Arduino. Bemércs umTerpamms Momyiedl W MOATOTOBKA
3aKpBITON OeTa-BepCHuH.

4. CNUCOK UCNO/ZIb30BaHHbIX UCTOYHUKOB
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“u BU3yaan3auuma MeTeoposIorM4eCKnx AaHHDbIX,

no/sily4aembiX U3 Hay4HbiX Be6-cepBucoB

Enenes Spocnas’

I MBOY 2.HUpxymcka COIL ¢ yenybnennvim usyuenuem omoenvhvix npeomemos Nel9, yn. Jlepmonmosa 279,
HUpkymck, 664033, Poccus

AHHOTauuA

3avacTyl0 B pe3yiabTaTe HAYYHBIX HCCICHOBAaHHN 00pa3yloTcs OoybIine OOBEMBI
HeoOpabOTaHHBIX JAHHBIX, COJCPXKAINIUX BPEMEHHBIC PAIbI C HAOOPOM PAa3ITUYHBIX
XapakTepucTuk (mapameTpoB). HayuHble paOOTHHKH-TIDEIMETHHKH  HYXIAIOTCS B
MPOTPaMMHBIX CPEICTBAaX I HKCCICAOBAHUS TaKUX BpPEMEHHBIX psaoB. [lapamerpsr
BPEMEHHBIX PSI0B BapbUPYIOTCS B 3aBHCHMOCTH OT HPEIMETHOH 00JIaCTH M, KaK MPaBHJIO,
JIOCTYyll K HHUM IIPEJOCTaBISICTCSI B CEPBUC-OPHEHTUPOBAaHHOW mapaaurme. I[lpu 3tom
M3BECTHBIC CpEACTBA OOIIEro HAa3HAYCHWS HE MPUTOMHBI JJIS YIOBICTBOPEHHS JTaHHOMN
MOTPeOHOCTH, T.K. HAOOPHI XapaKTEPUCTUK U HMCTOYHUKU NAHHBIX MMCIOT OOJIBIIOE YHCIIO
Bapualuii, YTO 3aTpyQHSET NaibHeiMe wucciaeqoBaHus. Bo3HHKaeT HEOOXOAMMOCTh B
pa3paboTKe YHUBEPCAILHOTO MPOrPAMMHOTO CPEICTBA, 00CCIICUNBAIONIETO COOpP BHIOPAHHBIX
BPEMEHHBIX PSIOB C TOCICHYIOUIeH WX BH3yanu3alued aHanm3a. B paboTe peann3oBaHO
TaKoe MPOrpaMMHOE CPEICTBO U MPOTECTHPOBAHO HA TMONYYCHHH JAHHBIX M3 HAYYHBIX BeO-
CEepBHCOB Ha MPUMEPE METCOCTAHIIUH.

KnioueBble cnosa
MuxkpocepBHCHI, Bu3yanu3zaius, API, 6a3e1 naHHBIX

1. BeBepgeHue

Ha panHblii MOMeHT, B cdepe HaydHBIX HMCCIEIOBAaHWH, BO3HHMKAIOT OonblIve OOBEMEI
HeoOpaboTaHHBIX JaHHBIX. Kak crienctBue, HaydHble pabOTHHUKM HYKAAIOTCS B CPEACTBAX JUIS
WCCIIE/IOBaHMSl TIONY4YeHHOH wWH(GOpMalMK, OJHAKO, MOJy4YaeMble JaHHBIE HMMEIOT OOJbIIoe
KOJIMYECTBO BapHalLlii, UTO 3aTPYAHSIET UX aHAIN3 CYIECTBYIOIUMH MPOTrPAMMHBIMY PEILICHUSIMH.

Lenpto paboThl sBIAETCS pa3paboTKa CUCTEMBI cOOpa, BU3YAIM3allMM W aHAIM3a JaHHBIX W3
Hay4YHBIX BeO-CEpBHCOB Ha MPUMEPE METEOCTAHIIIH.

B pamkax nocTaBieHHOH 11e1M ObUTH OTpeieNieHb! CICAYIOIINE 3a/1aun:

1.

2.
3.
4

AHanu3 TuTepaTypsl

Br10op cpencTs peanuzanun

Hanmcanue nporpamMmmHuoro odecreyeHus
TecTupoBanue mpPOrpaMMHOT0O OOECTIeUeHUS

2. Peanusaumsa npoekKrta
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2.1. Bbibop cpeacTs peannsaumum

B kauecTBe OCHOBHOTO CpeICTBa pealn3alUMl MPOEKTa ObLI BBHIOpPAaH S3BIK MPOrPAMMHPOBAHUS
Python, T.k. oH oOnamaer xopomieil JOKyMEHTamued, MPOCTHIM CHHTAKCHCOM H TOJICPKUBACT
OMOIMOTEKH, HEOOXOMUMBIE IS paboThl ¢ API.

Cpenoit paspabotku sBsuics Jupyter notebook, T.k. naHHas cpena TO3BOJSET 3alyCKaTh U
TECTHPOBaTh HECKOJBKO MPOrpaMM OJHOBPEMEHHO, a TaK K€ HMEET BCTPOCHHYIO OHMOIMOTEKYy
BUJKETOB, HEOOXOIUMBIX JIJIsl CO3[aHus MHTepdeiica TPUITOKEHHUS.

Jannsie 3anpamuBanuchk yepe3 API mpu momomm 6nbmmoTtekn Requests.

Hns cuctemMaTu3auuu WHGOpMalnuu Obula HCMOJB30BaHa 0Oa3a AaHHBIX Ha ocHoBe SQLite u
oubnmortexa B3ammojeiictBus ¢ Heit sqlite3, T.x. SQLite sBisieTcs TPOCTHIM B YIpPaBICHUH U
W3MEHECHHUH.

Jnst BU3yanu3aluy MOJYyYEHHBIX JaHHBIX ObUla McHonb3oBaHa Oubmuorexa Matplotlib, T.k. oHa
o0nagaeT MUPOKUM (GYHKIMOHAIOM U MOAPOOHOH JOKyMEHTalue.

2.2. HanucaHue nporpammHoro obecneyeHus

1. IIporpamma oOHOBIEHHUS 0a3bl NaHHBIX cocToMT W3 3 OnokoB. B 1 Omoke, k API

MOCBUTAETCS 3allpoC 3HAYEHUI 3a TIOCIEeIHIOI HEJeN0. 3anpoc cocTouT u3 2 yactei- URL
HWCTOYHMKAa ¥ T[apaMeTpoB 3ampoca, B KOTOpble BKJIIOYEH BPEMEHHOH OTpe3ka
3aIlpallvBaeMbIX JaHHBIX.
Hanee, Bo BTOpoM OJIOKe, IIOJydeHHbIE 3HA4YECHUs IporpamMma IpeoOpa3yeT B MacCHUB
cioBapeil. B 3 6Onoke, uepe3 meton REPLACE anroputm 3arpyxaet HOBbIC 3HaYCHHUS B
0a3y nansHbiX. Ecim TakoBble yK€ CYyLIECTBYIOT, Iporpamma OOHOBJISIET HMMEIOIIHNECs
3aIluCH, HO HE J0OAaBISIET HOBBIE.

2. Ilporpamma co3manus rpaduKOB W3 WMEIOMIMXCS 3HAYEHHH COCTOMT U3 § OmokoB. B
MEpPBOM OJIOKE, TIPOUCXOIUT UMITOPT OMOIHOTEK, Janiee- OOBSBICHHE W BBHIBOJI OCHOBHBIX
anemenToB uHTepdetica. I[locme, ¢ momompio Metoga SELECT w3 0a3bl JgaHHBIX
mporpaMMa TOJy4aeT MacCHB 3HAueHWH 3a BPEMEHHOH Tepuoj, BBIOpaHHBIN
nosp3oBaresieM. [locne, momydeHHbIe 3HAYEHUSI COEIMHSIIOTCS CO CBOMMHU 0003HAUYCHHUAMU
B CIIOBaphb JuIsl Oosee ymoOHOH 00paboTku. B 5 Oiioke, mporpamma, COrjiaCHO BBIOOpY
MOJIb30BATEIISI, OTCEMBAET 3HAaueHUS W (OPMHUPYET M3 HUX MAacCHUB TEPEMEHHbBIX, IO
KOTOpbIM Oyner crpouthesi Tpaduk. B 3aBucumocTr ot BbIOOpa mosb3oBaress, rpaduk
Oyzner moctpoeH ¢ 1 mepemenHoi, wiu 2. B ciaydae ¢ 1 mepemeHHOH, MporpaMMa co3aeT
KOOPJWHATHYIO TUIOCKOCTh U Jiajiee CTPOUT Ha Hel rpaduk. B cinydae ¢ 2 mepeMeHHBIMH,
porpaMMa CO34aeT KOOPAMHATHYIO IUIOCKOCTb C 2 HE3aBUCHMBIMU OCSIMH Y M CO3JaeT
rpaduk. [anee, rpadux BeiBoauTCS Ha 3kpaH (puc. 1). CornacHo BBIOOpPY MOJIB30BATEINS,
MOJYYEeHHBIN rpaduK mporpaMmmMa MOXeT coxpaHuTh B popmate PNG.
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[IporpamMma KoHCTpYKTOpa 3anpocoB K APl u BU3yanuzanuu Nogy4eHHBIX JaHHBIX COCTOUT
u3 10 6nokoB. B nepBbIx AByX 010Kax, mporpaMma HMIOPTUPYET OMOIMOTEKH U BBIBOAUT
OCHOBHBIE 3JIeMeHTHI nHTepdeiica. Jlanee, uepe3s AP, mporpamma KoHCTpyHpyeT 3ampoc ¢
teM URL wuCTOYHMKa W Juana3oHOM JaT, 4YTO yKa3al mnojs3oBarens. T.k. API
METEOCTaHIIMM HE MOXET Iepeaath 3a pa3 6oznee 10 000 3HayeHu#, mporpaMma moaydaer
JMaHHBIE TakeTaMu To oxgHomy naHio. Jlamee, JSON-makeT mpeoOpa3yercss B MaccuB, B
KOTOPOM, IIOMHUMO HEOOXOOMMBIX 3HAUYEHHUH, MOTYT COAEPXKAaTbCs JIMIIHUE JaHHBIE,
KOTOpBIE Toclie oTceuBaroTcs. U3-3a cnenn(uKd MOMYYeHUS JaHHBIX- HEOOIBIINMU
MaKkeTaMy, B TIOJyYEHHOM MAacCHBE MOTYT COJCPIKAThCS TOBTOPSIOLIMECS BIIEMEHTHI,
KOTOpbIE yIaJIstoTCs AThIM OstokoM. Ilocne, n3 MaccuBa 3Ha4E€HUH MporpaMMa Moyryyaer
CIHMCOK JaT M COXpaHseT MX B OTACIbHYIO MNepeMeHHylo. llanmee, anroputM BBIBOIUT
MOJIb30BATENI0 MHTEepdeiic BbIOOpa MHTEPECYIOUIMX €ro 3HaueHWH W3 MpeIoKEHHBIX.
[Tocne BBIOOpa, MporpaMmMa GOpMHUPYET MACCHB 3HAUECHUI KOOPIUHAT U CO3/1aeT rpaduK.

3. BbiBOAbI

B pesynbrate mpoaenaHHol paboOTHI, OBIJIO CO3AHO CPENICTBO CHCTEMATH3AIMH U BU3YyaIN3aI[H
JAHHBIX, TOJIyYEHHBIX W3 HAYYHBIX BeO-cepBUCOB. Co31aHHOE MPOTPaMMHOE pEHICHUE ITO3BOJISET
coOupaTh JaHHbBIE U BU3YaJM3UPOBATh UX B BUJC JIMHEHHOTO rpaduka Wi rucrorpammsl. B otianune
OT CYUIECTBYIOLIMX HPOXYKTOB, CO3IJaHHBIC HMPOTrPaMMbl MO3BOJIAIOT BU3YaJH3HPOBATH AAHHBIC U3
Pa3HBIX HCTOYHHUKOB C OTJIMYAIOMIMMCS KOJTMYECTBOM MEPEMEHHBIX U TIapaMeTpoB, YTO 00ecTIednBaeT
YHHMBEPCAJIbHOCTb NPOIYKTA.

Nlutepartypa

[1]

[2]
[3]

[4]

[3]
[6]

Ipywidgets.readthedocs.io, Jupyter Widgets 8.0.6 documentation. URL:
https://ipywidgets.readthedocs.io/en/latest/.

Matplotlib.org, Matplotlib 3.7.1 documentation. URL: https://matplotlib.org.

Pabora ¢ pmaroit m Bpemenem B Python. URL: https://python-scripts.com/datetime-time-
python.

Bacwmmii Bonrun, [Ipo API, Rest APl mis maumnaromero tectuposmuka. Kakoit 3ampoc
osictpee?, 2023 URL: https://habr.com/ru/articles/734900/.

PyxoBonctso o SQLite B Python. URL: https:/pythonru.com/osnovy/sqlite-v-python.
Requests B Python — Ilpumepst Beimonnenuss HTTP 3ampocoB. URL: https:/python-
scripts.com/requests.
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Pa3spaboTka 3Kocuctembl “ymHOro” poma: nporpammHas WM
annapaTHaA coctaBafawowme

Jlanuna Kamkapes

Juyeu UT'Y, yn. Axademura Kypuamosa 13a, Upxymck, 664074, Poccus

PykoBoaurean

Koctpomun Poman Onerosuy, KaHAXAAT TEXHUYECKUX HAYK;

Pynwix Anexcanap Hukomaesuu, I1JIO MBYJIO r. Upkyrcka HATT;

JlapnuHckuit MakcuM BukTtoposuy, yunrens uadopmaruku MAOY Jluneit MY r. UpkyTtcka.

1. Tema
Co3nanue caMoJIENbHONW 000COOIEHHOM dKoCUCmeMbl* JUIS yIOOHOTO MCTONb30BAHMUS TOMAITHHUX
IoT * yctpoiicTs.

2. Uenb

W3yunth OTKpBITBIE CTaHIAPTHl Iepenaud HH(YOpMAaLWM, OPraHW30BaTh TIPAMOTHBIA MpoLECC
Jo2unu3ayuu’ v pearu30BaTh Ha KX OCHOBE IIPOTOTHUII IIPOrPAMMHO-AIAPATHON 9KOCUCHIEMbI* YMHOTO
Z0Ma Ha prUMepe B3aUMOJACHCTBUS KJIMEHTOB KaK ¢ MUKPO-CEPBUCAMH, TaK U C COOCTBEHHBIM MeANa-
YCTPOKCTBOM.

3. 3apgaumn

3.1.  Uzyuurp cymecTByompe pa3pabOTKM M TEXHOJOIMH [0 OpPraHM3allid yMHOIO J0Ma,
BBIJICJIUTh UX JJOCTOMHCTBA U HEIOCTaTKH,

3.2 [IpoBecTn aHanM3 CyIIECTBYIOMIMX allapaTHBIX CUCTEM,

3.3. Omnpenenuts crnocoObl yCTpaHEHHS KPUTUYECKUX HEIOCTAaTKOB, CQOPMYIHPOBATH CBOU
MPEUIOKEHHUS,

34. CripoeKTHpOBaTh CBOIO YCTAHOBKY (aImaparHasi 4acTh),

3.5. CripoeKTHpoBaTh IPOTPAMMHYIO M CETEBYIO YacCTH,

3.6. PeanmzoBate cepBepHyl0 dacTh (BHpTyanm3amms, Linux-cepBep, KOHTEHHEpHl W
W30JIMPOBAHHAS CETh),

3.7. Peanu3oBath mporpaMMHYIO U arapaTHyIO 4acTH Ha 0a3e CO3JaHHOMN CETH,

3.8. WNHTerpupoBaTh TOTOBOE YCTPOHUCTBO B CUCTEMY,

3.9. [IpoBecTu TecTupOBaHUE CO3AAHHBIX CUCTEM,

3.10. IIpoaHanm3upoBaTh MOTYUYEHHBIE PE3YIbTATHI,

4. Npobnembl

4.1. bezonacHslii JIOCTYII K MHKPO-CEpBHUCAM u3 BHEILIHEH CeTH:
MHOTHE JIIOAM XOTAT MOJKIIIOYAaThCd K CBOEMY CEpBEpPY M3 BHE, HO OHM HE 3aJyMBIBAIOTCA O
MPaBUWIBHOM Mpollecce WACHTH(PUKALNH, ayTeHTU(UKALINN, aBTOPH3ALINH.

4.2. Va06HOE  YCTpOMCTBO, KOTOpOE JIETKO HMHTETPUPYETCS B 2KOCucmem)y*  JIoMa:
Ha pHIHKE “yMHBIX’ YCTPOMCTB MPHCYTCTBYET OOJBIIOE KOJIMYECTBO MEAHNA-yCTAaHOBOK, HO OHU HE
IPEOCTABIIAIOT OTKPHITOTO API 171s B3aMMOJIEHCTBHSA C HUMM.

5" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2023), July 03-07,
2023, Irkutsk, Russia
EMAIL: danila.kashkarev@yandex.ru (A. 1);

@ ® © 2023 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2023 Workshop Proceedings
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4.3. Jto6o¥i KITMEeHT B JOMAITHEW CETH MOXKET MOIYyYUTh OCTYI K MHKPO-CEPBUCY, KOTOPHIA HE
uMeeT 3aluTh oT brute force: MHOTHE cepBepHBIE MPOrPaMMBI 1 KOMIIOHEHTHI YMHOTO I0Ma 00J1aJat0T
[OCPEICTBEHHON CUCTEMOM JIOTUHU3AIUHU |, KOTOPON MOYKET He OBITH BOBCE.

4.4, JlanHble XpaHITCA Ha YyXHX CepBepax: KUTAWCKHE YCTPOWCTBA TPAHCIHPYIOT depe3 ceds
BHJICO C Kamep U CIIY)KEeOHYI0 HH(POPMAIIUIO OT YCTPOUCTB aBTOMATH3AIUU
4.5.  Hwuzkas 0TKa30yCTOMYMBOCTB: BCE BHIUUCIIUTEIBHEIC OTICPAIlUH 3aBUCIT OT TOHKOTO KaOels,

KOTOPBIN yXOAMT K POBalaepy.

5. PeweHus

5.1 JJ1g TpaMOTHOTO TIOAKITFOYEHUST K MUKPO-CEPBHCaM HY)KHO HCITONIb30BaTh CBA3KY M3 Authentik
(cepBep maeHTHM(UKanWyM, ayTeHTHUKAUN W aBTopm3ammu) u Nginx Reverse Proxy (oOpaTHbit
proxy-cepsep). OOecrneynBalOT 3alIUTy CEPBEPHBIX MPOTrpPaMM, KOTOpBIE HE MperyCMaTpUBAIOT
cucremy siorunusaiuu. Authentik BeicTymaer B ponu SSO ° (CHCTEMBI €IMHOTO BX0/a), OH TIOMOTaeT
00JIerYuTh TpoIiecc BXoa I MONb30BaTelsl. Nginx ke mepeHanpaniseT yepes ceds Bech Tpaduk, OH
SABJIACTCA MMOTPAHUYHBIM 3JICMCHTOM CCTHU.

5.2 MHorue co3aTeny “yMHOT0” oMa XOTAT J00aBUTh TOJIOCOBOE YIIPaBIICHHUE Yepe3 CTAaHIIUHU OT
Snpexca nnu Moiina, Ho ux nponpuerapusie OC He OpegOCTaBIAIOT 3TY BO3MOXHOCTb. [Io3TOMY MBI
rcnonp3oBam oTKpeITyio OC OSMC, KoTopast ocHOBBIBaeTcs Ha Debian.

5.3. Hus 3amutel [oT ycTpo#icTB, cepBepoB M MOJb30BaTelie CETh pPa30MBACTCS Ha 30HBI.
30HMPOBAHUE CETH TI03BOJIAET HACTPOUTH MpaBuia B firewall a ® s pasrpaHMveHust OCTyNA MEXKIY
kientamMu. OCHOBO# CETH ABJISETCS IPOrpaMMUpyeMblii Nettop ' (MpaliryTH3aTtop) Mo yrpaBieHHeM
Pfsense.

54. [Nonp3oBaTenu HE XOTAT JETUTHCS CEKPETHON MHQOpMAIHel ¢ “TpeThbel CTOPOHON”, TaK Kak
naHHas uHGOpMauus MOXET OBITh KOH(QHUICHIMATbHOM, MO3TOMY MBI PELIMJIN HCIOIb30BaTh
COOCTBEHHBIN CEPBED.

5.5. B snoxy SaaS ® nroauM MOHSAIM, YTO MHOMKECTBO 3aBUCUMOCTEH Kak (DUHAHCOBBIX, TaK M
TEXHUYECKUX BEAyT K HHU3KOW OTKAa30yCTOHYMBOCTH JoMamiHedl cuctembl. [loaTromy MBI
KOHIIEHTPUPYEM BBIYMCIUTENbHBIE POLIECCH BHYTPH CETH.

6. CpaBHeHMe BO3MOXKHOCTEN YCTPOMCTBA C aHA/I0ramm

Ne | Xapakrepuctuka | CoOCTBeHHas! yCTaHOBKa Snpexc cranms MAKC

1 | 3By 20w + 20w cpennue yactothl, 10 w + | 40w Hu3kHe yactoThl, 10w + 10w
10w BBICOKHE 4aCTOTEI cpemHHMe dYacToThl, 15w + 15w

BBICOKHE YaCTOTHI
2 | Marpuna 64x128px, RGB LED 25x16 px, MOHOXPOMHBIH, OeJbIi
3 | OgHOILTaTHEIN 4x1,5 I'rm; ARM cortex-a72, RAM | 4x1,8 ' ARM cortex-a52, RAM
KOMIIBIOTED 8GB, GPU Video Core VI 500MI'n, | 2GB, GPU Mali-G31 MP2, HEVC

H.265

4 | 11O OSMC Linux, nosHocThIO OTKpEITOe | Yandex Linux, 3aKkpbITa

5 | Hoanucku OTCYTCTBYIOT O0s13aTENBHBI

7. BbiBOp,

Paborass Hax mpoekToMm, ObLITM M3Y4YEHB! KOHIICTIIMM BUPTyalW3allid M KOHTeHHepu3anuu. Mbl
nopaboranu ¢ 3D npuHTEpOM, KOTOPBIH Jla)l HaM BO3MOXKHOCTh HalledyaTaTh COOCTBEHHBINH KOPITYC JJIs
cradimu. [IpogymbiBasg BHYTPEHHIOIO 3JIEKTPOHUKY, Mbl MO3HAKOMWJIMCH C MHUPOM OJIHOILIATHBIX
KOMITBIOTEPOB. J[J15 co31aHus TpaMOTHO# CeTH MBI TIO3HAKOMUJIMCH C CETEBBIM 000pYIOBAaHUEM.

8. TepmuHbI

Jlorunmsanus | — mporecc BXoa B HEKOTOPBII PECYPC CETH MHTEPHET.
DKOCHCTEMA > — e[IMHAS CETh YCTPOMCTB, YHaCTBYIOIIMX B pabOTe JOMANIHErO MeHa IPOCTPAHCTBA.
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API ® (application programming interface) — onucanne crioco6os o6menus I1O ¢ 1aHHOM TPOrpaMMON.
IoT *(internet of things) — uest OGIUIEHUS FIEKTPOHHBIX YCTPOUCTB B CETH

SSO ° (single sign on) — cucTEMa €IMHOTO BXOJA

Firewall ®— mexceTeBoi SKpaH, KOMIIOHEHT 3aIIUIIEHHON CETH

Nettop ’— HEOGOIBIIOM EPCOHANBHBIN KOMIILIOTED

SaaS ® (software as a service) — ues NpeOCTaBIEHHS IPOrPAMMHOIO OOECTIEYEHHS B BUJIE YCITYTH

9. Jlutepartypa

. Kupuenko I1. I'. Onexrponnka ais HagunHarommx, 2019 r.
Aticoepr E. Tpanzuctop... 310 o4eHnb npocto, 1976 T.

Kiraiir JI. Fusion 360. 3D-monemupoBanme st Meiikepos, 2021 T.
Keppuck M. Linux API, 2019 r.

®dnénor M. E. Linux rimazamu xakepa, 2018 r.

Tappendaym 2. C., Yazepost 1. Komnbiotepusie cetu, 2022 T.
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